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IKTEODUCTOEY EEMAEKS. 


li^’ATUSAL SciENOE^ OT, in Other words, a ^owledge of 
the objects in the material world aronn^lus, k now 
becoming an important part of education in schools. 
It iff generally allowed that the young should not con- 
fine their attention entirely to languages, arithmetic, 
and mathematics, but that they should extend their 
studies, and acquire information regarding the structure 
of the globe, and of the animals and plants with which 
it is stocked. Classical literature undoubtedly forms 
an important groundwork in the education of youth- 
and the acquisition of modern languages cannot be 
overlooked. But something more is wanted to make 
our students of arts useful members of society. They 
must be able to take an intelligent view of Gk)d's 
works, by embracing some department of Natural His- 
tory in their course of study. The Hatural Sciences are 
well fitted to call forth the faculty of observation^ to 
inculcate correctnek of description, accuracy of diag- 
nosis, and orderly arrangement. ^11 these qualities 
are of great importance m the ordinary affairs of Hfe. 

^ . A propose has been made that at Irast one subject 
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in Hatural Science shall .b& professed by every one who 
appears for an examination in A^iis in our Universi^ee. 
This seems to me a step in a right direction^ and the 
carrying out of the plan will have an important 
ence on the system of education in our school and 
colleges. The High School of Edinburgh, and other 
schools both in Scotland and in Enghmd,, have already 
made a successful move in this direction. The Science 
-and Art Department are encouraging the study of 
science, and examinations are held for the purpose of 
testing the ^uaMcations of those who are to be certified 
teachers in our educational establishments, and who 
are to direct t)|e studies of the young in the paths of 
sdence. The institution of Degrees in Science, and 
the founding of valuable scholarships in the University 
of Edinburgh, are well calculated to foster a taste for 
scientific pursuits. The efforts made now-a-days to 
promote the higher education of women will.dso un-. 
doubtedly lead to more general attention to Katural 
History. The influence which women exercise over the 
studies of the young,, and the position which they oc- 
cupy in society, will thus be made subservient to the 
advance of science. 

Among the natural sciences none is more fitted for 
general education than Botany. It relates to objects 
which are constantly within our reach, and dm be 
studied nt all times. It is fitted alike for young and 
old, for rich mild poor. It carries us to the fieldi^ and 
makes us see wonderful beauty and arrangement even 
in the meaaea^ weed. It adds brlghtaess and pleasure 
to the. hours ^of recreation. The prosecution of the 
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sinaice ddte not call for any orael experiznents, or for 
1^ proceedings whioh could inflict a wound on the 
liabst sensitivo heait. It is the simplest of the sciences, 
andlj^seems to be well calculated to initiate natural his- 
tory studies. ' 

The object of the present work is to give the prin- 
ciples of Botany in a plain manner, and to use only in 
the text such technical words as are essential for the 
beginner. In the notes explaining the woodcuts certam 
additional terms are given, which are bonsidered to be 
suitable for more advanced pupils. In t^ first Part 
of the work the structure and functions of the various 
organs of plants are considered, flrom ^e root to the 
perfect fruit and seed, and the facts aire illustrated by 
woodcuts. In the Second Part the subject of Classifl- 
cation is discussed ; and here it is that a more extensive 
use of technical terms is required. An attempt has 
been made to give the systems of arrangement in such 
a way as to bo comprehended by the young student ; 
and descriptions are given of some of the common weeds, 
with the view of illustrating the subject '^d of encou- 
raging the examination of those plants which are within 
the reach of every one. At the end of each division 
a series of questions are given, in order to direct the 
attention both of the teacher and of the pupil, to the 
facts which require to be impressed bn the memory. 
In the Glossary at the end an explanation is given of 
the terms employed, and the Index contains references 
to the places where these terms are more fully explained. 

The Works of God are wonderful, and they are 
nought out of all that We pleaimre therein. Let a 
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stadejoit acquire a tast^ for science, and he will proceed 
to sea^ii out more and more the objects a^^und hi;^. 
But while prosecuting with ardour the study of material 
things, let him not be misled by a false glare of science, 
which would lead him to ignore the power, the om- 
xiiscience, and the constant superintendence of Him by 
whoin all things were created, and by whom they 
subsist every moment ; and, while diligently acquiring 
a knowledge of earthly things, let him not forget the 
better things of God's Word^^ which done can make him 
wise unto salvation. 


27 Ik\*bm-kith Bow, Edinburgh, 
Isi Jmuary 1869. 
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CSAtlEB I 

TjiB ORGANS OF NDTRITON, ‘ 

A FLAi^ certain parts called Orga/nSy whicli 

assume yazioim formsi according to tbc Idnctions wUcli 
thaj perfdiia in the economy of yegetable life. These . 
0 ]^^, generally speaking, are dehosnnated Bpo^ Stem, 
I^yes, and Blowers. The first tfar^ ase spe^afiy con- 
cerned in the nottnshment of the pl^t^ and are called 
Nntritiye Organs; while the fiowers are connected with 
the production of finiit and seed, end the coxitm 
the species, >nd art called B^roduotive Organs. There 
is a comihon axis, one part of which penetrates the earth, 
constitatlQg while 

other risM into the ah, he^^ and flowers, 
and forms the 6tmn*sy^^ - Each of ; 

these ’ paa^ ghres origin to hr^, which in ihb former ‘ 
art d^yeloped as roots and rootlets, ih the latter as lea^ 
and leaflets *of rtiious kinds. The ordinary letff n^y 
be said rt he the^^fipe of 
ascendiiig portrtn;hf the 

y^tii rtddi^tidtts Some axe grtefl, othert 





and memteanoda, aa?e 

are foiled so as to ifecofiie are 

intd tendiils, othoro into thoniB.^; Xhs 'leasts 
idi^a^g the flowers are usually i^ry deferent in aspect 
the ordinaiy leaf. It^';wiil .be founds i^wevei, that 


theyi^j^e all formed ac^rding to the lea^kw, and that 
they often showthis in aih evident mannerjrhen altered 
by eultivE^bH or otherwise. 

Kg. 1 (Frontispi^) represents an ideal pkiit irtth 
its diflereht parts. I^ere is a general axis from which 
proceeds the descendiiig part^ fohning the tobi^ mth its 
fibrils^ the extrennties of which are called spongibles ; and 
the ascending part, forming the stem, with Jte^various 
joints or divisions. On the stem, leaves are producfed, 
first in the form of temporary seed-leaves (cptyledbis), 
and then in the form of simple or compound lej^es^ Bads 
are produced, at the points where these l^yes join the 
stenij from which proceed branches. In procei^ of time 
the. flower is produced, consisting of calycine leaves or 
sepals, coroUine. leaves or petals, >fll3uninai^ 
stainens, and pistilline leayes or which fom the' 

ovary and coyer the young seeds pr ovules. She latter 
a|e ^&er attohed to the edges of thb caipels, or ^e. 
pubduced at the extremity of the asWding axis. In 
th|s iidbal the parte of theiflower or blossom 
itepresj^l^^^ othet by spaqes. 

genei^ it^^^ j^^ close to 

Subh;^ a^compi^ehsivb view of the organs of plants, 
lye shall now pxoc^ Jto t^nsider t)^m in succeteibnj 
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araqoirtBS 6* iPuirai: .:',; -v 



; nig. 6. ■■, : ' Fig.'4.- 

into those winch tiie eonpoied entirely of small 


VFig. 2.t^.wo cells or Vcsiclois (magnified) wMch enter ^to the 
* composition of plants'.- The dots are .places where the membrane^ , 
fbnmng the , walls of the cellB is thin. . 

Fig; ^^Cylindrical Cells (ma^m^ed) nnited lather and form^ 
ing oemilsiir tissue. Some of them are replanted as contai^^ smal! 
cellales.mr nuclei which ate einployed in l&e prodnction Cf mw ceUeu; 

; Fig. 4.<rrifibi3gated ^ipj^Ue4h^ped 
en^r and imit(jd«tojgea^^ to f(te d of iteukr idslitte 

: 6.*^Fam^c ■ ^ ori^ld (jPrni- 

The^^^^te beldw trhici;' fbtni M 
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bladd^ or VMides 2), united together 

in vanous ‘waya (fig. 3) ; and those which are furnished 
not only with cells, but with long closed tubes called 
Vessels (fig. 4). The former are denominated C0ular 
ptmds (% 14, p. 9), and they may be illustrated by 
miiafarooms, moulds (fig. 5), sea-weeds, and lichens, which 



Fig. 6. Fig. 7.* Fig. 8. F^g.9. 

have no conspicuous fiowers, and are reproduced by small 
cellular germs ; the latter receive the name oi Vascular 


plants, and are seen in the case of ordinary trees, shrubs, 
and herbs, which have more or less evident flowers, and 
are reproduced by true seeds (fig. 13, p. 7). 

The structure of the cells and vessels of plants can 

spa^im or laatriz a, whence the plant arises. Its stalk b is com- 
posed of cells or little bladders placed end to end, and at the summit 
'are ntunerotis bead-like bands e, consisting of minute microscopic 
germs (cellules). 

Figk 6 to 9.— Various forms of cells and vessels magnified. 6. 
Dotted cell, the marks being caused by pits or depressions on the 
wall of the eel^ . bwing to thinnings of the membrane. 7. Dotted or 
pitted vessri composed of united cells^vrith the partitions obliterated. 
8. Annular or rin^ cell, with fibres in the form of rings. 9. Scalari- 
form or ladder-like vess^ of ferns. The fibre is in the form of bus 
or lines, and the tessri is prismatic. 
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only be fiolly se^ by the aid of the nucroscope. Ibe 
examination of tbese tia^es amply repays, the trouble 



Fig. 12. 

attendant upon it. In some ceUs and vessels there are 
seen markings in the form of dots (figs. 6 and 7), or rings 


Fig. lO.-r-Spinl cell, 'with an elastic q>iral fibre inside. 

Fig. ll.^piial vessels, -with spiral fibres inside, capable of being 
nnroUed. 

Fig. 12. — Twp}frus imtiqwmmj the bulrush of Scripture; It 
grows in the Nile^ and is us^ for making light boats. In Lucan’s 
PhMwlui Iv. 186, we meet with the following : — ** Conseritur bibula 
Memphitis cymba Papyro,” We may conclude that the ark in which 
the infant Mobm was laid in the Nile— an ark of bukushes, daubed 
withalime and with pitch— was a small boat constructed with papy- 
rus. In Abyssinhi, according to Brnce^ boats are made of this plimt. 
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(%. 8), or bars (fig. 9), or fibres, c^Sled Tip like a cork- 
screw (figs. 10 and 11). . Hence arise tbe various names 
of dotted, annular or ringed, barred or ladder-like, and 
spiral cells and ' vessels.' These, along With woody tubes 
(figi 4), may be seen in different parts of the same plant. 
Vessels called laticiferous, and woody tubes called punc- 
tated or disc-bearing, are described at pages 10 and 31. 

Common mould (fig. 5) and mushrooms are composed 
of cells united together ; so is the pith of trees, cotton, 
cork from the outer bark of the cork-oak, rice-paper, 
and the paper of the ancients, made from the papyrus 
— the bubush of Scripture (fig. 12). All fleshy fruits, 
as the peach, and succulent roots, as turnip and carrot, 
contain a large quantity of cellular tissue; and the 
object of tbe horticulturist in many instances is IjC in- 
crease it, and thus to render vegetables tender and suc- 
culent, which would otherwise be tough and..dry. Cells 
often become hardened and thickened by matter de- 
posited within. Thus the hard shell of seeds, and the 
stone of fruits, consist of woody cells. The coverings 
of some seeds, as Collomia^ exhibit spiral cells (fig. 10), 
the fibres of which, when moistened by water> uncoil 
in a remarkable manner, and form a beautiful object 
under the microscope. The use of this seems to be to 
fix the seeds in the moist soil after being scattered. 
Annular cells (fig. 8) are met with in Cactuses. 

The woody parts of plants consist of elongated .tubes, 
tapering to ^ach end (fig. 4), and rendered tough by 
woody limber d6{>osited withim These woody tubes 
can be separated bom the bark and stems of many plants 
by maceration or steeping in water; and in this way 




Fig. 13. 


vessels (fig. 7) are the largest kind of tubes hi plants. 
They are well seen in the sugar-cane, in the bamboo, 
and in the bramble. Spiral vessels are met with abund^ 
anily in the higher tribes of plants. ’ They may be 
procured from common asparagus after being boiled, 
by separating the. cellular portion in water under the 


Fig. 18. — ^Aerial stem of Banana (Mtim 'sapiefnifurn)^ formed by 
sheathing leaves. The prpper stem is sahterranean, and the stem 
shovn in the ‘dgure is a sha^ sent up, hearing leaves 6^ fruit, and 
then decaying, to give place to another shoot The cluster of fhiit 
is seen at the top. The plant contains numerous spiral vessels. 
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fiiiftpI^ .xuczoBcopa Ibe i^iial ^ tba vemlis luay. 
be e^bite4 V making a sup^itficial out round the 
leaf-stalk of a geianiuin or s^awbepy^ and then pulling 
the parts gently asunder. When the ooil is unrolled^ 
it appears like the threads of a cobweb. In the com- 
mon hyacinth and lilies, these spiral fibres can be easily 
seen. In the case of banana (fig. 13), the spiral 
fibres are so abundant, that^ they are pulled out and 
' used as tinder in West Indies. In the stem of 
trees the spiral vessels exist around the pith. In the 
common gan^ balsam sevend varieties of vessels exist, 
.whibU^lian be readily separated under the microscope. 
Vessels, having bars or fibres arranged like the steps of 
a ladder (fig. 9), occur in ferns. 

Thus all the parts of plants, including root^ stem, 
leaves, flowers, and fruit, are composed of cells and 
vessels of different kinds, either separate or combined ; 
and by means of these simple tissues the Creatou carries 
on all the wondrous processes of vegetable lifa The 
absorption of nourishing fluids takes place by the cells 
of the root ; the sap then rises through the cells and 
vessels and intercellular canals of the stem ; it reaches 
the cells and vessels of the leaf, and is there exposed to 
the action of air and light, so as to fit it for the various 
secretions given off as it descends through the c^ and 
vessels of the bark. Thus the functions of nu^tion or 
zu)urishment are accomplished. The cells and vmels 
of the flower, on the other hand, undergo changes, and 
are united in t^e form of various organs, so as to enable 
them to perform the functions pf reproduction, or the 
production of seeii 
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we Mee all tlie^^ of Triable 

Ufe; they coi^lil^ the first tiffi plants; an^ 

^ them we ^mimt refer all the other tissues. In its 
embryo or yotmgest state, the plant consists entirely 



Fig. 14. 


of cells. In their unchanged primitive condition cells 
are seen in cellular plants, and in the pith, the pulp, 
and the succulent parts of vascular plants. When 
thickened by hard deposits inside they form the woody 

Fig. 14 — A small portion of a Chara magnified to show tlie 
intoacellnlar circulation. The arrows mark the direction of the 
fiinid and granides in the different ceUs. The clear spaces are parts 
^eie there is no movement. The "circulation in each cell is in? 
dependent of that in the others. 

Fig. IK; — VijXlimgria, spi/ralis, an aquatic plant, found in ditches 
in the south of Europe (reduced in size). In the separate cells 
movements of fluids take place, a Stamen-bearing plant ; d pistil- 
betting plant. * 
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cells 6f the stones of fruits, and when elongated they 
appeals is the fibres of the wood, spying firmness to the 
stems and to the .ribs of the leaves ; and when lined 
with a spiral thread, they appear as spiral cells and 
vessels of varioiis kinds. Cells also conWn in their 
interior small round nuclei or germs (fig. 3, p. 3), 
by the action of which new cells are produced; and 
they have also the power of dividing into two, and 
thus multiplying. 

Besides a general movement of sap, there are also 
specud movements occurring in cells and vessels. In 
the cells of aquatic plants, such as C/iariz (fig. 14) and 
Vallisneria (fig. 15), there is a distinct and regular 
mption of granules, which is easily seen under the micro- 
scope. These movements are promoted by Tn6derate 
heat, and seem to take place in a spiral manner round 
the cells. They appear to be connected with the 
life of the individual ceU, and the formation, of new 
cells. In the jointed hairs seen in the flowers of the 
Virginian spider-wort, and in the hairs of the common 
nettle, similar motions are observed. In certain vessels 
of plants called laticiferom, moveipents of grantilar 
matter have been detected. These vessels have a pecu- 
lia.r structure, and unite together freely, as seen in fig. 
16, so as to form a sort of network. They ate best, 
seen in plants with milky or coloured juices, as the 
India-rubber and Gutta-percha plants, Spurgte, afid 
Celandine. Some consider the motions in these vessels 
as being connected with the return of the sap from the 
leaves to the bark. 
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otheTs colouiless ; iK)me thi^^ dthefs thick and viscid. 
■They also contain starch (fig. 17V sugar, wax, fatty 
and oily matters, air,, and crystals which are called 
needles (raphides) (fig. 18). Thes^ crystals consist of 



lime in combination with oxalic or phosphoric acid. 
They are easily seen in the common hyacinth and in 
other plants belpnging to the lily tribe, and their 
presence or absence is a mark of distinction in some, 
families of plants. Conglomerate crystals are seen in 
the cells of Beet-root (fig. 19). 

Pig. 16. — ^Laticiferoua vessels of the common Dandelion. The 
yesselsmiite together freely, and movements of granular matter 
take p]^e in them. 

Rg. l7.-~a Starch-cells of the pea, showing grains of stai-ch in 
the int^dn h Separate starch grains with strise (lines). 

of Dock Cf containing raphides n' The cells 
<^ed Baphidian. The raphides consist d| needle-like crystals 
jcllsd'tpi^ther in clusters. 

■ ■• ilg, TO cl Beet^tf staining conglomerate crystals. 
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QilESTicm 

i . 1. What is meant by the oxg^ of plants ? jg 

2. ' Mention the nutritive organs of plants. 

3. Mention the reproductive organs of plants. 

4. What does the minute structure of plants con^t of t 
I 5. Describe a celL 

[ / 6. Describe a vessel. 

7. What is meant by cellular plants ? Give an example. 

! 8. What is meant by vascular plants ? Give an example. 

9. How are dotted cells and dotted vessels formed ? 

10. How are annular cells and vessels formed ? 

11. Describe scalaiiform vessels, and mention the plants 
in Vhich they occur. 

12. How are spiral cells and vessels formed ? 

13. What is the form of the tubes which constitute the 
W€k)d of trees ? 

14. Of what tissue is the pith of plants composed 1 

15. What is the structure of cork, and whence is cork 
procured ? 

16. What is the structure of rice-paper, and how does 
it differ from common paper ? 

1 7. What tissue abounds in fleshy fruits and in fleshy 
roots 1 

18. What is the structure of the shell in stone-fruits, 
such as the peach ? 

19. What is the structure of flax and hemp ? 

20. In what part of the stem of trees do spiral vessels 
chiefly occur ? 

21. What are the functions performed by cells and 
vessels ? 

22. Of what tissue does the young plant consist in its ' 
earliest state 1 

23. Describe the movements i^en in the interior of some 
cells, and mention the plants in which they are seen. 

24. What movements are seen in vessels ? Mention the 
vessels in which they are seen. 

25. Mention some of the contents of cells. 

26. What axe xaphides, and of what are they compose}^ ? 



:sfTRUC1lJM^ MOT. IS 

n.'--ON TH® STRtrdTOMi, Gonformawoit, and 

^ FtJNOTIONS OF EOOT. 

The root is the first part of the young plant which 
pro^des from the seed (fig. 20 r). It descends into 

i 


i f 



e r . c 
Fig. 20. 


8p 


Fig. 21. 

the ground in order to fix the plant and to imbibe 
nourishment. On account of its downward tendency, 
the name of Descending Axis is sometimes applied to 

Fig. 20. — Embryo of the pea (Pimn satimm). The cotyle- 
* dons c Cf or seed-lobes, are fleshy, remain below ground, 
radicle r protrudes through an opening, and is the first portion of the 
.embryo which appears during germination. The plumule, gemmule, 
or fint bud g, afterwards appears and rises upw^s to form the as- 
cending axis. The common axis t, whence the radicle and plumule 
proceed, is united to the cotyledons by a short petiole a small 
depression in one cotyledon, where the young bud g lay. 

Fig. 21. — ^Vertical section of a rootlet of an Orchis, much mag- 
nified ; spt the minute cells at the extremity, called spongioles or 
spongelets ; c c,. the other cella of the root ; e, dotted vessels. 
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it. She cells situated near IJie extremities of the minute 
£biiis of the root, are those which are chiefly coi^enied 
in taking up nourmhment fromi the sofl/ They: 
called spongloles' (fig. 1). One of . them is represented 
on a magnified scale in flg. 21, spt The other cells of. 
the root are indicated hy c a and these pass gradually 
into dotted vessels v, * 

Some roots taper, as in the carrot and radish, and 
are called tap-roots (flgs. 23, 24) ; others branch in 
various ways (fig. 22). In grasses we see frequently 
numerous fibrCs proceeding from one point, and giving 
rise to fibrous roots (fig. 26). In the turnip the root is 
large and succulent (fig. 25). 

As plants are fixed to a spot, their food must be 
always within reach ; and it is requisite that the roots 
should have the power of spreading, so as to secure 
renewed supplies of nutriment. A beautiful provision 
is made for this by the elongation of the roots taking 
place at their extremities, so that their advancing points 
are enabled easily to accommodate themselves to the 
hature of the soil in which the plant grows. They are 
thus also enabled to move easily from one part of the 
soil to another, according as the nourishment is ex- 
hausted. The exhaustion of the soil by the roots of 
plants afibrds an explanation of the phenomenon called . 
fairy rings, consisting of circles of dark-green grass seen 
in bid pastures. These have been traced to successive 
generations of certain fungi spreading from a central 
point, and absorbing the nutriment of the soil, so as 
to unfit it for the growth of the fungi, but not for the 
growth of grass. 
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toot, in its gtowtti,' kee|a i»ace with the develop' 



F^. 22 to 26.~yarioQj8 fonns of root. 22. Branching root 
of Mallow. 23. Conical tap-root of Bryony. 24. Spindle-elmped 
taip-root of Radish. ''^26. Succulent root of Turnip. 26. .Fibrous 
root of Bib-grass. In figs. 23 to 26 the crown of the root ui seen, 
whioh is a short^ed stem, bearing lesYes. 
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PUNCTIONS OF THE ROOT. 

upwards and produces its leaves, from which water is 
constantly transpired, the roots continue to spread, and 
to renew the delicate cells and hbrils which absorb the 
fluid required to compensate for that lost by evapora- 
tion, or consumed in growth. There is a constant rela- 
tion between the horizoMtkl^jwnsion of the branches 
and the lateral spreading o^Ke roots. In this way 
the rain which falls on a tree drops from the branches 
on that part of the soil which is situated immediately 
above the a\)sorbing fibrils of the roots. If the roots 
are not allowed to extend freely, they exhaust the soil 
around them, and do not receive a sufficient supply of 
food. The plants in such a case, deprived of their 
proper means of support, become stunted and deformed 
in their appearance. 

If we wish trees to be firmly rooted, we must allow 
the branches to spread freely. When they are so planted 
that the branches and leaves of contiguous trees do not 
interfere with each other, and all parts are exposed 
to air and light equally, the roots spread vigorously and 
extensively, so as to fix the plants firmly in the soil, and 
to draw up copious supplies of nourishment. But in 
crowded plantations, where the branches are not allowed 
freedom of growth and exposure, and the leaf-buds are ’ 
consequently either arrested or feebly developed, the roots 
also are of necessity injured. They do not spread, and 
the trees are liable to be blown over by the wind ; they 
exhaust the soil in their vicinity, circumscribed by the 
roots of the trees around j their functions become lan- 
guid, and thus they react on the stem and branches, so 
that the additions to the wood are small, and the timber 
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MNTATIOlj, 


is of bad quality. In such a plantation, we may see & 
marked difierence between tbe trees on the outside and 
those in the centre ; the former, having their branches 
and leaves fully exposed on one side, grow with com- 
parative vigour, and form excellent timber on that side 
of the stem where lighted air are admitted ; while the 
latter, hemmed in on i^lpeides, are drawn np like bare 



Fig. 27. 


poles, producing a small amount of ill-conditioned wood. 
A crowded plantation, in which the trees are allowed to 
increase in size, until they interfere with each other, can- 
not be easily reclaimed ; and any attempt at thinning 
is accompanied with the risk of exposure to the blasts, 
which speedily level trees having no firm hold of the soil. 

Eoots in general descend into the soil at once ; but 
in some cases the^ proceed from different parts of the 
stem, and thus are in the first instance aenal. The 

I^ig. 27 . — Ficus indicaf the Banyan-tree (belonging to the same 
genus as the Fig), sending out numerous ^ventitious or aerial roots, 
which reach the soil, and prop the branches. 
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AEBIAL BOOTS. 


Banyan tree of India (fig. 27) exhibits these roots in 
a remarkable manner. They proceed from all parts of 
its stem and branches, and ultimately reach the soil, 
forming numerous stem-like roots which support this 
wide-spreading tree. The famous Nerbudda Banyan 
had 300 large and 3000 sma]^ stems, and w^ said to 
be capable of sheltering 7000 iuen. 



Fig, as. Fig. 29. 

“ Such, too, the Indian fig, that built itself 
Into a sylvan temple, arch’d aloof 
With airy aisles and living colonnades. ” — Montoomeby. 

Or, as Milton describes it : — 

“ The fig tree ; not that kind for fruit renown’d ; 

But such as at this day to Indians known 
In Malabar and Deccan, spreads her arms, 

Branching so broad and long, that in the ground 
The bending twigs take root, and dauglitera grow 
About the mother-tree, a pillar’d siBade, 

High over-arched, with echoing walks between.” 

Fig. 2^.—Pandanus 'odoratissimv>,% the Screw pine, giving off 
numerous aerial roots near the base of its stem. 

Fig. 29 . — Rhizophcyra Mangle^ the Mangrove-tree, supported, 
: 8 it were, upon piles by its numerous roots, which raise up the stem. 
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Li some parts of India bridges are made by uniting 
the aerial roots of species of Ficus, growing 'on either 
side of a stream. 

The Screw pine (fig. 28), is another instance of a 
plant giving out aerial roots. These support the plant 
like wooden props. The Mangrove (fig. 29), also ex- 
hibits similar supports. 



Fig. 30. Fig. 81. 

When roots do not extend much, they are sometimes 
provided with reservoirs of nourishment which supply 
the means of growth during a certain period. This is 
seen in the case of terrestrial orchids (tigs. 30, 31). 
These reservoirs or tubercules constitute the salep of 
commerce, which is used as food. In dry soils, roots are. 
sometimes unable fo spread from want of moisture, and 

0 , Fig. 30.— Roots of Orchis ; some of them are slender and absorb 
nutriment, while two of them are thick, fleshy tubercules, which con- 
tain a reservoir of food, and constitute salep. 

Fig. 31. — Orchis, showing tubercules or tuberous roots, which 
contain nouris hing matter. 
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PARASITIC PLANTS. 


fonn bulb-like appendages so as to lay up a store of 
nourishment. In seasons of drought also, a similar oc^ 
currence may take place. In the orchids of warm 
climates, in place of thickened roots there are large 
bulb-like stems which serve the lame purpose (fig. 32). 
These orchids, which are often called air-plants (epi- 
phytes), ^end out roots into the air, and attach them- 



selves to the stems and branches of trees. They do 
not push their roots into the interior of the plants, 
but they are nourished by the moisture around them, 
and by the decay of matter on the outside of the 
branches. Some plants send their roots or suckers 
into the substance of other plants either dead or living, 
and derive their food entirely from them. Such are 

Fig. 82. — Orcliideous air-plant, mth. its peculiar flowers and 
bulb-like stems. 

Fig. 83. — ^A species of mould-fungus {Sotrytis), magnified. 
There are below root-like filaments nh constituting the spawm 
These insinuate themselTes into the tissues of living plants, and B(7 
as parasites, drawing nourishment from the tissues, and ultimately 
destroying the plants. . The stalk 8 consists of cells bearing rounded 
reproductive cells or spores c, . 
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CBJllodi parasites^ imd they may be illustt'ated by moulds 
(fig. 33); by fungi which grow on the decaying stumps 
of trees, and by those which cause diseases in growing 
crops ; by dodder (fig. 34), which injures f ax' and clover 



Fig. 34. 

by living on their juices ; and by broom-rapes, and scale- 
• wort, as well as by the gigantic Eafflesia of Java (fig. 35). 
Some of these parasites have no leaves ; others bear 
brown scales ; while others, as the mistleto (fig. 36), 

« Fig. 34. — Cuscuta or Dodder, a parasite which first grows in 
the usual way, from, seed, with its roots in the ground, but ulti- 
mately twines round other plants, and becomes attached to them by 
lEieans of the rounded suckers represented on the slender branch a 
in the figure. 
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PARASITIC PLANTS. 


have green leaves, whjich elaborate the juices derived 
from the stock by exposing them to the air. and light. 



Fig. 35. 

The study of the growth of parasitic fungi is a subject 
of great importance, as many diseases in plants, animals, 



Fig. 36. 


aiid man, appear to be either caused or mqdiRed by 
them. Dry-rot in wood, for instance, is attributed to 

, Fig. Amoldif a parasitic plant of Sumatra. The 

flower is three feet in diameter. It grows attached to the stem of 
a climbing Cissus. 

Fig. 36. — Fiscum albim, the Mistleto, a. green-leaved parasite 
which derives nourishment from the plants to which it is attached. 
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the attack of a fungus ; so also are certain diseases of 
the flkin and mucous membrane in man and animals. 

QUESTIONS. 

1. Why is the root called the descending axis ? 

2. What is meant by fibrils of the root ? 

3. What is meant by spongioles, and where are they 
seen ? What is the crown of the root ? 

4. What is meant by a tap-root 1 Give an example. 

5. In what manner do roots lengthen ? 

6. Give an explanation of fairy-rings, 

7. What is the function of roots ? 

8. What relation do- roots bear to branches ? 

9. Describe the injury caused by plantations being 
crowded ? 

10. What is meant by aerial roots ? Give examples. 

1 1. What kind of roots are met with in Orchids 1 

12. What is salep ? 

13. What is meant by epiphytes ? Give an example. 

14. What is meant by parasites ? Give examples. 

16. How is diy-rot in wood produced ? 


in. — On the Structure, Con form atiom, and 
Functions of the Stem. 

The stem is the name given to that part of a plant 
which bears the leaves and the flowers. Some plants 
have very short and Inconspicuous stems ; others have 
long and conspicuous stems. In the cowslip, dandelion, 
and gentianella, the stem is so short that the leaves 
appear to arise from the root, and are hence called radical 
leaves. Some stems lie along the ground only partially 
covered by soil, as the* iris and Solomon^s seal (fig, 37) ; 
others are completely under ground, as ginger (fig. 38). 
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The latter give oflf leaf-buds, which appear above ground. 
The banana (fig. 13, p. 7) has an underground stem 
pushing out shoots, which form temporary aerial stems 
or branches ; so have also the asparagus, the bamboo, 
arrow-root, and some rushes and sedges. Many sub- 
terranean stems are called, in common language, roots, 



Fig. 37. Pig. 38. 


from which, however, they are distinguished by the 
leaf-buds which spring from them. Thus the potato 
is an underground stem or branch giving off buds in 
the form of eyes. The bulbs of lilies, leeks (fig. 39), 
and tulips, with their fleshy scales, and the more solid 
bulb-like corms of crocuses and meadow-saffron (fig. 40), 
are in reality stems giving off buds, which are covered 
with different kinds of scales or modified leaves. The 

Pig. 87. — Rhizome, root-stock, or partially subterranean creep- 
ng stem of Solomon’s seal {Polyg(maium multiflorum). The scars 
left on the stem by the fall of the buds give rise to the English 
name of the plant 

Fig. 38. — ‘Rhizome, or thickened creeping stem of ginger (ZiU" 
giber officinale^ producing flowering stems and roots. This rhizome 
or root-stock is the part used economically and medicinally, and 
called ginger-root. 




where the fleshy scales join the underground stem. The 


Pig. 39. — Bulb of leek (Allium Porrum\ cut perpendicularly, 
showing the disc at the base whence roots proceed on one side, and 
.scales with the growing point on the other. The outside scales are 
thin and dry, while the internal ones are thick and fleshy. 

Pig, 40. — Corm of the Saflron (Crocus sativiis), showing the 
mode in which new comis are produced above the old. It may be 
looked upon as a rhizome, increasing vertically in place of hori> 
zontally. No. 1 indicates the old conn now shrivelled ; 2, the corm 
produced at the apex of it, in the form of a bud ; 3, the young bud 
producing a flowering stem. 

Pig. 41.— Corms of Meadow-saflfron (ColcMcum avtumn^U ) ; a, 
old corm shrivelling ; b, young corm produced laterally from the 
old'one. Leaf-buds are produced at the upper part ; roots below. 
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new buds of the crocus and gladiolus are produced at the 
summit of old underground corms (fig. 40), while those 
of the meadow-safi&on are formed at the side of the 



Pig. 42. 

corms (fig. 41). In these cases the new corm feeds , 
upon the old one, and gradually absorbs its contents. ' , 



Some stems are weak, and are supported by climbing, 
on walls or rocks, as ivy (fig, 42), or by twining round 
some support, as convolvulus (fig. 43). These twining 

Fig. 42. — Branch of Ivy {Jledera with root-like processes, 

by means of which it is attached to walls or trees. 

Fig. 43. — Stem of Bindweed sejpmm) twining from 

right to left. 

Fig. 44. — Stem of Hop (HumvXus iMpulua)^ twining from left to 
right. 
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stemB turn in certain definite directions. Thus the con- 
volvulus (fig. 43), passion-flower, and French bean, twine 
firouL right to left, that is, to a person supposed to be in 
the centre of the coil, and the stem passing across his 
chest from his right to his left ; while the hop .(fig. 44), 
honeysuckle, and black bryony, twine from left to right 
Exogenous Stem , — Some stems die annually, others 
continue permanent. In flowering plants there are 
two marked kinds of stems. One occurs in the trees 



of temperate climates generally, and is recognised on a 
transverse section by the appearance of numerous woody 
circles with rays passing from the pith to the bark 
which is separable. This is well seen in the common 

Fig. 45. — ^Transverse section of the stem of an oak six years old 
— i.e,^ having six concentric woody circles ; cellular pith in the 
centre, surrounded by spiral vessels, and woody layers consisting of 
woody tubes and porous of pitted vessels, layers of bark, fi)th 
cellular and fibrous, on the outside. 

Fig. 46. — Section of an Exogeh during its first year of growth ; 
m cellular pith, very large and occupying a considerable part of the 
stem ; t spiral vessels forming a layer round the pith ; r large cel* 
lular rays joining t^e pith and bark, which is represented by cells 
on the. circumference. The woody and pitted vessels are placed be* 
tween the pith and the bark, and are divided into ten wedges by 
the rays. 
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oak (fig. 45), wliere the pith in the centre is composed 
of cells j the circles of wood consist of fibrous vessels 
(fig. 4, p. 3), and dotted or pitted vessels (fig. 7, p. 4); 



Fig. 47. 


cellular rays extend from the pith to the bark — the 
latter being partly fibrous and partly cellular. A section 
of such a stem in the first year of growth exhibits the' 
appearance presented in fig. 46, where m is the cellular 

Fig. 47. — Stem of a maple at the commencement of its second 
year of growth. A transverse or horizontal section ; B longitudinal 
or perpendicular section ; t spiral vessels round the pith ; vp porous 
or pitted vessels vrith lai’ge apertures ; w fibrous vessels of wood ; 
e layer of sap-wood between bark and heart-wood ; pcy pc, inner cel- 
lular portion of bark separated by fibrous vessels of the bark// s 
outer cellular corky layer of bark. 
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pith, very large ; r laige cellular rays proceeding from 
the pith and ending in the cellular bark, which forms 
the circumference. These rays divide the stem in the 
figure into ten wedges of woody and pitted vessels ; 
while spiral vessels t occur round the pith. In the 
second year of growth a second set of vascular wedges 
is formed outside the first circle, and so on year after 



Fig. 48. 


year, the stem increasing in diameter by circles of wood 
on the outside of those previously formed. The new 
wood is on the outside, the old wood within. Such 
trees are hence called Outw^d-growers or Exogens, and 
they have their hard wood in the inside, their soft wood 
on the outside. 

The structure of the different parts of such a stem 
is represented in fig. 47, where is a transverse section, 
and jS is a longitudinal one, of the stem of a maple one 

Fig. 48. — Transverse section of a maple three years old — 1, 2, 
3, being the woody growth of each year, the layers bf bark extend- 
ing from B to me. The pitli is marked m; spi^ fibres t; porous, 
dotted, or pitted vessels v; fibrous vessels// layer of new wood c ; 
layer of new bark-cells me ; inner fibres of bark I ; cellular layer 
of bark / outer corky bark a. 
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year old. In these figures, t indicates the spiral vessels 
(fig. 11, p. 5) round the cellular pith ; vp are pitted 
vessels (fig. 7, p. 4), showing .large round apertures; 
w fibrous vessels (fig. 4, p. 3) ; c a layer of new wood 
or alburnum next to the bark', which is composed of 
cells 8 and pc, and of fibres /. A stem of maple, three 
years old, is given' in fig. 48. Taking the woody part 
of the stem, we find that during the first year (1) there 
is the cellular pith m ; spiral vessels t ; porous, dotted, 
or pitted vessels v; and fibrous vessels /. In the second 
year (2) there are seen dotted vessels v, and fibrous 



FiK. 49. Fie. 60. Fig. 61. 

vessels /. So also in the third year (3). A layer of 
new wood below the bark is marked c. The outer 
bark, sometimes of a corky nature, as in the cork-oak, 
is inarked 8 ; and below it are different layers of bark, 
composed of fibrous vessels I, and cells p ; while, next 
the newest wood, or sapwood, c, there is a cellular layer 
connected with the bark, marked me. This cellular 
layer, c, is called cambium, and consists of active cells which 
are concerned in the formation of new wood and bark. 

Fig. 49. — Woody tubes of fir, with single rows of discs. Fig. 
50. — ^Woody tubes of fir, with double rows of discs, which are op- 
posite to each other. Fig. 61. — ^Woody tubes of JEutacta exceUa, 
with double and triple rows of discs, which are alternate. 
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The woody tubes in cone-bearing trees, as fir, spruce, 
arch, cedar, cypress, and Araucaria, exhibit markings 
called discs or punctations, which appear in the form 
of a circle and a dot in the centre. Sometimes these 
discs are in single rows, as in fig. 49 ; in others they are 
in double or triple rows, as in figs. 50 and 51. When 



Fig. &2. 


the rows are more than one, they are arranged in parallel 
series, the discs being either opposite to each other, as 
in Firs (fig. 50), or alternate with each other, as in Arau- 
caria and ^Torfolk Island Pine (fig. 51). The latter plant 
is represented in fig. 52, and is interesting on account 
of the markings in its wood, as well as from the fact 
that plants allied to it have been found in Britain in 
a fossil state — for instance, at Craigleith and Granton 
quarries near Edinburgh, 

. Fig. h2.—EiUacta excelsaj Norfolk Island pine. 
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From the mode of growth in exogenous trees, it is 
obvious that we can ascertain the age of the tr^ by 
counting the number of woody circles or zones. Thus 
in fig. 45, p. 27, the oak is six years old. This calcula- 
tion can be made with tolerable correctness in trees of 
temperate and cold climates, where during the winter 
there is a marked interruption to growth, and thus a 
line of demarcation is formed between the circles. In 
trees of warm climates this mode of estimating age may 
lead to error, for it would appear that in them there 
is often the appearance of two or more circles in one 
year. Even in the trees of this country, when full- 
grown, it is found that the different circles are so blended 
as to make it difficult to count them accurately. 

The wood in the centre of exogens is often altered 
in colour by variously-coloured woody matter being* 
deposited in the tubes. Thus the heart-wood {duramen) 
of the ebony-tree is black, and that of the oak deep 
brown, while that of the outer soft wood i^lhurmm) is 
pale. The latter is the part in which the active pro- 
cesses of life go on ; and hence, if it is destroyed, the 
plant dies. A woody plant, such as honeysuckle, and 
some Eauhinias of foreign countries, twining round the 
stems of such trees, cause strangulation, in consequence 
of the mode of their growth by external additions ; 
and in process of time, if the woody climber is suffi- 
ciently strong, and does not break or yield, the vessels 
of the soft wood or sap-wood are impeded in their 
growth, and the tree will ultimately be destroyed. In 
fig. 53, A, a twining plant, called the hush-rope in the 
West Indies, is seen causing contractions of the stem. 
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SdmetiBies grooved sticks are formed in the same way 
in Britain, by the twinii^ of the honeysuckle round 
neighbouring trees. 

The size attained by the stems of many exogens, 
both as regards height and diameter, is sometimes very 



Fig, 68, Fig. 54. 


great Trees belonging to the cone-bearing tribe attain 
heights varying from 100 to 200 feet The oak some- 
times attains the height of 120 feet; and forest trees 
on the Continent and in America are met with 150 
feet high. The celebrated mammoth pine of Oregon 
{WelUngtonia gigantea) has been seen 450 feet high. 
Some cedars of Lebanon have a girth of 40 feet, chest- 
nuts occasionally attain to 60 feet, the dragon-tree 70 

Fig. 58. — ^The effects of a twming plant on an exogenous stem. 
The J8ush-rope^ a climhing-plant, twming round the stem of an 
Exog^ and causing strang^tion. 

Fig. 54.~-Dragon-tiee (Draccma Draco) of Oiotaya, having a 
stem 70 feet in circumference. 
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« 

feet (fig. 54), the baobab tree of Senegal has bben 
measured 90 feet in oiicomference (fig. |5), and the 
Wellingtonia nearly 120 feetr 

Exogenous trees give a character to the landscape 
of the countries in which they abound; They have 
large trunks, which produce numerous .branches, 
spreading in all directions.* The trunk tapers as it 



Fig. 65. 


ascends, and the branches become thinner towards their 
extremities. The mode in which the branches spread, 
and their comparative lengths, give rise to differences 
in the contour of exogenous trees. - "WTien the lower 
branches are largest, and the others gradually diminish 
in length upwards, the trees are more or less pyramidal, 
as in the Douglas pine (Abies Douglasii ) ; when the 
reverse takes place, they have an umbrella-like top, as 
in the Sto^ pine (Pinus pined). The poplar furnishes 
an examp^of a tree whose branches come off at acute 
angles with the trunk. The cedar of Lebanon (fig. 56) 

Fig. 55. — ^Baobab-tree {Admsonia digitata) of Western Africa, 
having a stem 90 feet in circumference. 
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will serve as an illustration of an exogenous tree with 
branches spreading at right angles to the trunk. 

QUESTIONS. 

1. Describe the stem or ascending axis ? 

2. Are stems always erect ? 

3. What is the essential character of a stem ? 

4. Describe the stem of the Iris. 

' 5. What kind of stem has the ginger plant 1 

6. Describe the stem of asparagus. 

7. To what part of the plant is the edible potato referred ? 

8. What is meant by the eyes of the potato ? 

9. Describe a bulb as seen in the lily and the onion. 

10. What is meant by the cloves of an onion ? 

Fig. 56. — Oedrus Libanif the Cedar of Lebanon, an exogenous 
tree, .with a thick trunk and spreading branches. 
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11. What is meant by a rhizome or root-stock ? Give 
an example. 

12. What is meant by a conn ? Give an example. 

13. Describe the formation of buds in the crocus and^in 
the me^ow-sai&on. 

14. How do stems twine 1 Give examples of different 

kinds of twining. V 

15. What is meaiit by annual sl&ni^ ? 

16. What is meant by the term exogenous ? 

17. Mention the parts of an exogenous stem proceeding 
from the centre to the circumference. 

18. Give the structure of the different parts of an exo- 
genous stem. 

19. Mention a peculiarity in the wood of the fir-tree 
and of the Araucaria. 

20. How is the age of an exogen determined ? 

21. What is meant by the duramen and the alburnum 
of an exogenous tree ? 

22. What part of the ebony-tree is used for furniture ? > 

23. Describe the effect of a twining woody plant, such 
as the honeysuckle, on the stem of an exogen. 

24. Mention some exogens remarkable for the height and 
diameter of their stems. 

25. In what manner do branches spread in the poplar 
and in the cedar of Lebanon ? 

Endogenous Stem, — ^Another marked type of stem 
occurs in some herbaceous plants, such as lilies and 
grasses, and is well seen in palms and certain trees of 
warm cHmates. In pedms the increase of growth is by 
additions of woody and pitted vessels towards the 
centre. The stem is at first entirely cellular, but in 
the progress of growth bundles of vessels are formed 
among the cells. These gradually increase and distend 
the stem to a certain amount the first year. Next year 
new bundles are produced inside the lasl^ which in- 
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crease the diameter still more, until at length, by sue* 
c^ye additions, the stem is distended to the utmost. 
The outer portion becomes hard, so as sometimes to 
resist the blow of a hatchet, while the inner part is 
comparatively soft. This mode of growth has given rise 
to the name of Inward-growers or Endogms, applied to 




plants having stems of this kind. On making a section 
of a palm-stem, the appearance presented is seen in 
fig. 57. There is no distinct pith, no concentric 
circles, no rays, no separable bark. The outer part 
representing the bark is hard, and is incorporated with 
the fibrous tissue below. The interior consists of cells 
m, in which bundles of vessels /, are dispersed irre- 
gularly. In tracing the vessels /v, in the vertical 
section of a palm (fig. 58), it is found that they follow 

Fig. 57. — Transverse section of a palm-stem, show^ endo- 
genous structure. ^ GeUulsr tissue m / bundles of woody and other 
vessels/. No concentric circles, no rays. 

Fig. 58. — Longitudinal section of a palm-stem. Fibrous 
vessels /v, descending in w oblique manner, and interlacing. 
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a curved course, and interlace with each other. Palms 
have straight trunks of nearly equal diameter through- 
out, bearing a cluster of leaves at the summit. This 
character is seen in figs. 60 and 61. They rarely branch, 
and grow chiefly in height, not much in 
diameter. The age of a palm may be esti- 
mated by measuring its height, for it is 
found that the growth in aa upward direc- 
tion is nearly uniform in each species. 
Prom the small increase in diameter, and 
the hardness of the exterior, a twining 
woody plant, does not injure a palm-stem. 
Li fig. 59 is seen a palm-stem^with a woody 
bauhinia twisting round it, without affecting 
its growth. When the tuft of leaves at the • 
summit of a palm is completely destroyed, 
the plant dies, because there is no provi- 
Fig. 50 . sion for lateral buds, as in our trees. 

Palms give a marked and distinctive character to 
the vegetation of tropical regions, and their umbrageous 
foliage, particularly in the case of those with fan- 
shaped leaves, affords an excellent shelter from the 
sun’s rays. In figs. 60 and 61 are represented the 
Talipot palm of the East Indies, and the date palm of 
Egypt. In them we remark the erect growth, the bare 
unbranched stem of nearly uniform diameter throughout, 
and the crown of leaves at the summit, from which the 
flowering stems and fruit proceed. 

Acrogenma Stem . — ^Another conspicuous permanent 

Fig. 59. — A Bankinia, or -woody-cliinber, twining round the 
stem of an endogen (Palm) and not causing any stran^aticHO.*; 
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^em is that which occurs in ferns, especially in the 
tree-ferns of New Zealand, and of tropical countries 
(fig. 62). In these plants the stem is uniform in its 
diameter, hollow, and marked oh the outside by the 
scars of the leaves (fig. 63). The stem increases by 



Pig. 61 . 


additions to the summit, and hence the plants are called 
Summit-growers or Acrogens, The stem is, in feet, 
formed of the bases of the leaves, which carry up the 
growing point with them, and the elegant clusters of 

Fig. 60.— uinbracvUf&ra, the Talipot .palm. It has 
lai^e fan-shaped leaves. Its clusters of flowers proceed in an erect 
manner from the summit of fee stem. 

Fig. 61 . — PKanix dadyliferaf the Date palm, the Tamar of 
Scnptiire. Its leaves are compound and pinnate. The leaves are 
oftei^ called branches in ordinary language. 


40 STBUCTUM; AND CONFOBMATION OF THE STEM. 



Fig. 62 . 


featheiy leaves hang from 
the top. On making a 
transveise section of such 
a stem, the appearances 
seen are represented in fig. 
64, where e is the outer 
portion, marked by thescars 
of fallen leaves,/!; bundles 
of vessels of an irregular 
form, dark outside, pale in 
the centre, p outer layer of 
cellular tissue, m central 
cells, which are usually ab- 
sorbed so as to leave a cavity. 
In the common brake or 
bracken of our pasture, the 
lower part of thestem, when 
cut, exhibits bundles of ves- 
sels which have the form of 
an oak or of a double spread- 
eagle. Ferns characterise 
mild and moist climates, 
and they give a peculiar 
feature to the landscape of 
Kew Zealand. At former, 
epochs of the earth's his- 
tory, they appear to have 
constituted a large part of 
its vegetation. 


Fig. 62. — East Indian Tree^fem {AlsqphUa perrotetiana). It 
has an acrogenous stem. The stem or stipe is unbianched. < .To 
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We have thus seen the structure of the three 
marked , forzos of permanent woody stems which are 
" 5?®^ with in the yegetable world :*^1. Exogenous or 
(:i»^ard-growers, consisting of pith^ concentric circles 
of wood, which increase by additions on^the outside, 



separable bark, and rays connecting pith and bark ; 
exemplified in the forest trees of Britain. 2. Endo- 
genous or Inward-growers, consisting of a mass of 
cellular tissue with bundles of woody and other vessels 
scattered irregularly through the tissue, increasing by 
additions inside ; exemplified in palms. 3. Acro- 

4raids the base ra there is an obvious enlargement caused by a 
number of adventitious or aerial roots which cover the stem, and 
ai*e applied closely to.it. 

Fi^. 63. — Stem of a tree-fern. It is acrogenous or increases at 
the top. The stem is uniform in diameter, marked by scars of 
fallen leaves c. . 

Fig. 64. — ^Transverse section of the stem of a tree-fern, showing 
the cellular portions p m, the irregular bundles of vessels /e, and 
the*outer portions e. 
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genouB or Summit-growers, formed by the bases of the 
leayes which carry up the jgrowing poiut, additions . 
being always made to the summit, bundles of yessels 
irregular ; exemplified in tree-ferns. 

. QUESTIONS. 

1. Describe the structure of an endogenous stem, and 
give an example. 

2. Why are some plants called Endogens ? 

3. Which is the hardest part of the stem of a palm ? 

4. In what respects does an endogenous differ from an 
exogenous tree as regards structure and aspect ? 

6. Contrast the effect produced by a woody twiner on 
an Exogen and on an Endogen, and explain the cause of 
the difference. 

6. Describe the structure of an acrogenous stem, and 
give an example.. 

7. Why is a stem called acrogenous ? 

8. Contrast on endogenous and acrogenous stem as 
regards structure and appearance. 

Buds avd Brandies , — Stems produce buds, which 
are developed as leaves or as branches bearing leaves. 
Buds may thus be regarded as shortened leaf-bearing 
axes, capable of elongation so as to form stems and 
branches. Some buds are terminal (fig. 65, a), or are 
produced at the extremity of the primary axis. Other 
buds are lateral, or are produced at the sides of the* 
axis (fig. 65, h). Exogenous stems have the power of 
forming both lateral and terminal buds, and if the 
terminal bud is destroyed, the functions of the plant 
are carried on by lateral b^uds, as in pollard trees. In 
palms and tree-ferns, the buds are terminal, and in their 
case when the top of the stem is cut off the plants 
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peiisL In some of them we find two in place of one 
terminal bud, and then the stem divides in a forking 
manner. The Doom Palm of “Egypt divides 
in this manner. Buds are often protected by 
, coarse leaves or scales (fig. fifi, a) which are 
arranged spirally, and are occasionally covered 
with resinous or gummy matter for protection. ^ 
Branches are xsonnected with the centre of the 
woody stem. They occur especially in Exogens, 
and they have the same structure as the stems 
whence they proceed. Branches are arranged ^ 
on the stem in a spiral manner, and follow the 
same law of spiral symmetry as will be noticed 
in the case of leaves. Branches spread out at 
. different angles with the axis, and thus give rise to 
marked characters in the contour of trees. 

Owing to various causes, it is rare to find all the 
buds properly developed. Many lie dormant, and do 
not make their appearance as branches unless some 
injury has been done to the plant; others are altered 
into thorns (figs. 1 and 66) ; others, after increasing to 
a certain extent, die and leave knots in the stem. That 
thorns are, in reality, undeveloped branches, is shown 
by the fact that they are connected with the centre of the 
Stem, that they bear leaves in certain circumstances (fig. 
66), and that under cultivation they often become true 
branches. Many plants are thorny in their wild state, 
which are not so under cultivation, owing to this trains- 

Fig. 65. — ^Brancli ending in a tenninal bud, a, covered with 
protecting scales. Lateral buds are seen at h b, produced in the 
axil of leaves which have faUen and left scars;. 
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formation. Thoms, as aeon in the hawthorn, differ 
totally from prickles, as seen in the rose. The latter 



Fig. 66. Fig. 67. 

are merely connected with the surface of the plant, and 
are considered as an altered condition of the hairs, 
which become hardened in their structure (fig. 67). • 

QUESTIONS. 

1. What are buds, and what positions do they occupy 
on the stem ? 

2. How do Exogens and Endogens differ as r^^axds 
the production of buds ? 

3. How are buds protected 1 

4. What connection have buds with the interior of the 
stem ? 

5. When palm-stems divide, what is the mode of 
division ? 

6. What are thorns 1 

7. What are knots in trees, and how are they produced 1 

Fig. 66. — ^Branch of the sloe (JVmtca ipinoaa)^ producing spines 
or thorns, which are abortive branches, as shown by their bearing 
leaves. 

Fig. 67. — ^Bose branch, showing aculei or prickles, which are 
hardened hairs. 
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FunoUcma tmd Uses of the Stetn , — ^The use of the 
stem is to support the leaves and flowers, and to 
expose them to air and light. The general form 



of stems is fitted to secure stability, and it is said 
that the bole of an oak suggested to Mr. Smeaton 
the form best suited for the construction of the 
Eddystone Lighthouse. The sap circulates in the 
vessels and cells of the stem as well as in the canals 
between them. In its upward course, it passes chiefly 
through the internal parts, being moved onwards by 
the force of imbibition. and by capillary attraction, as 
modified by vital actions. When it has reached the 

Fig. 68. — ^Figaro intended to represent the upward and down- 
ward course of the sap in exogens, a a the roots, h h vessels, cells, 
and interceUular Canals of the stem, c c leaf-stalk and leaves, d d 
bark, e section of a brancL The direction of the arrows shows the 
coira of the sap. 
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leaves and has undeigone certain changes, it returns 
towards the bark in its downward course. This course 
is indicated in fig. 68. The sap enters by the cells of 





Fig. 69. 


the roots a a, ascends through the central ports of the 
stem b 6, reaches the leaves c c, and returns by the bark 
d d. The arrows are placed to point out this course, 
The force with which the sap ascends is very gr^t. It 
was measured by Hales, by means of an instrument 
represented in fig. 69, where a is the branch of a tree 
such as the vine, fgedisQ. bent glass tube containing 
mercury, which stands at the level e f; b is the extre- 
mity of the tube, which is fastened to the branch by 

Pig. 69.— Instrument used by Hales to show tlie foi*ce of the 
sap, consisting of a bent tube/^ e d, attached to the branch of a 
vine a, by a large extremity b, and a bladder c. 
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means of a bladder e, firmly tied round. The sap, 
when flowing freely, forced the mercury to the point p. 
It has also been observed that fluids pass from one cell 
or vessel to another through the membrane which forms 
their walls. Constant movements of the fluids are thus 
going on in plants. 

Various are the uses to which the woody stems of 
trees are applied. The. heart-wood of exogens is more 
durable than the outer or sap-wood, and is less liable 
to attacks from dry-rot, which is caused by the growth 
of a peculiar kind of. mould. The outer bark often 
becomes veiy thick, and in the cork-oak it supplies 
the important substance called cork. The inner bark 
is fibrous, and is used to furnish ropes and mats. 
Eussian mats are procured from the inner bark (the bast) 
of the lime-tree (Tlha Eurqpoea), Cuba bast is obtained 
from the bark of Paritium tiliaceum. The inner bark 
of the lace-bark tree exhibits beautiful meshes, 
like lace (fig. 70). Hemp and flax are the pro- 
duce of the outer covering which corresponds 
to the bark. A- kind of hemp in India is pro- 
cured from the inner bark of a species of Hi- 
hiscus. Many of the nettle tribe also yield 
fibres from the bark. The grass-tree of China 
{Boehmeria nived) yields fibres used in manufactures. 
The common hollyhock, and other plants of the niallow 
tribe, also supply fibres. The inner bark of trees is used 
in some countries for manuscripts, and hence the name 
of liber (a book) applied to it. 

Fig. 70. — ^Fibres of lace-bark tree {iMgeUa lintcaria) interlacing, 
with ceUular tissue between them. 
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?vgUESTIONS. 

1. is tlie use of tlie stem, and what functions 
do^ it peiform 7 

2. Describe the circulation of the sap in an oidin^ 
exogenous tree. 

3. How is the force with which the sap ascends 

measured ? * 

4. Mention some of the useful products furnished by 
the stems of trees. ■ 

IV. — On the Structure, ARRANOSMSirT, Conforma- 
tion, AND Functions op Leaves. 

Structure of Leaves . — Leaves exhibit an arrange- 
ment of cells and vessels, as seen in fig. 71, where the 



Fig. 71. 

dark lines indicate the vessels or veins of the leaf, and 
the intennediate spaces the cellular parts' of it. On 
making a section of a leaf from the upper to the under 
surface, and examining it under the microscope, we s|e 

Fig. 71.‘^Betiaiilated leaf of the *white dead-nettle (Zam^um 
showing the distribution of the veins, or what is cidled 
venation. The edges of the leaf are 86iTate-->i*.s. cut like the Wh 
of a saw. 
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the texture more clearly. . in fig. 

72. The skin or integument of lelives- consists usually 
of two layers — the upper skin (cuticle), marked a, the 
lower (epidermis) and between these a-re the cells and 
vessels. In leaves growing under water, the cuticle 
alone can be detected. The cells at the upper side 



h are placed close together, with occasional air-cavities 
c; those of the lower side /are more loose, and have 
numerous air-spaces d. The bundles of vessels forming 
the veins are marked c, while A indicates hairs projecting 
from the surface, and i an opening (stoma) through the 
skin into the cavity below. When leaves are left for 
a long time to macerate in water, the cellular part is 
deWoyed, and the veins or vascular parts are, left, 

^ Fig. 72. — Section of the leaf of a melon, pei’pendicnlarly to its 
surface ; a upper integument or cuticle ; g lower integument, oi- 
epidermis ; h cells of upper part of leaf ; /cells of lower part of leaf ; 
e bundles of vessels ; d gir-cavities ; c cavity below a stoma ; % a 
stoma ; h a hair. 
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forming tl^e How often have we seen leaves 

which haV^lain in ditches during the winter exhibiting 
a beautiful network of veins ! In India and China, 
skeleton leaves are made from the leaf of a kind of fig 
{Ficus rdigiosd). Skeleton leaves may be prepared 




Fig. 74. 


by maceration in rain-water for six or eight weeks, or 
more, in a warm place, freely exposed to the air. 
When nearly ready, carefully add a small quantity of 
muriatic acid, and finally pick out with care, by means 


Fig. 73. — Leaf of che^, sliowing distribution of veins in the 
lamina or blade. 1 midrib ; 2 primaiy veins, given off from the 
midrib ; 3 secondary veins ; p petiole or leaf-stalk ; s stipules. 

Fig. 74. — Palm-leaf, showing parallel venation, the veins i^t 
being reticulated. 

Fig. 75. — Stem of bulbiferous Lily {LUiim hiilbiferim), showing 
bulbels or bulblets b, produced in the axils of the leaves, which 
exhibit parallel venation. 
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of a needle^ the cellular parts not rotted j^^ay.. The 
whole may he bleached with chloride of lime, or simple 
chlorine, or the fumes of sulphur. Ey boiling leaves 
in caustic potash water for a few minutes, the process 
is much expedited. / 

Venation . — As regards the distribution of veins in 
leaves (venation), flowering plants may be divided into 



Fig. 76. 



Fig. 77. 


two classes : those having reticulated leaves, or ex- 
hibiting an angular network of vessels, as in fig. 73, 
which represents the leaves of the ordinary trees of this 
country ; and those having no proper network, but a 
set of parallel or diverging veins running from the base 
tq the extremity, as in grasses, lilies (fig. 75), and 
palms (fig. 74), or from the midrib to the margin, as 
in Bananas (fig. 13, p, 7), and Indian-shot. The first 
kind of leaf occurs in exogens, the second in endogens. 


Pig. 76. — Spiny leaf of Holly (Ilex Aqmfolmm!), The spines 
are formed by the hardened extremities of the veins proceeding 
from the midrib to the margin. 

Pig. 77. -^piny leaf of the Barberry. 
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This constitutes another means of discrimination between 
these two great classes of plants, and is one which can 
be easily detected by the student. The primary veins 
may proceed from the midrib to the margin (fig. 73), 
or they may radiate from a point (fig. 100, p. 62). In 
the former case, the veins either go completely to the 
margin, or end within it in a curved manner. 


at 



Fig. 78. 


Sometimes the veins of leaves become hardened at 
their extremities, and project in the form of thorns, as 
seen in the holly (fig. 76), and the barberry (fig. 77). 
The same remark may be made in regard to them has 
been applied to other thorns. They are produced by 
an arrestment in the development of the cellular part 
of the leaf, and a change in the structure of the veins. 

Fig. 78. — Stomata at^ or openings in the epidermis or skin of 
the leaf of Balsam. There are five of these represented in the 
figure, placed at regular intervals. They, are concerned especially 
ivith the exhalation of fluids. 
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In the holly, we see that in certain circumstances it 
produces spineless leaves, iif consequence of the cellular 
tissue filling up the spaces between the veins, even to 
the very edge. 

Stomata and Hairs . — ^The surface of leaves presents 
certain pores or openings called stomata (fig. 78, st ; 
and fig. 72, p. 49, i). The cells surrounding these 
pores are so constructed that in dry weather they col- 



rig. 79. Fig. 80 . Pig. 81 . Fig. 82 . 


lapse, and close the opening; while in moist weather 
they have a crescentic margin, by which they open the 
orifice. They are connected with the passage of air and 
fluids to and from the leaf. In fig. 78 they are seen 
scattered over the surface at regular intervals. They 
are easily observed in a very thin piece of the skin of 
the leaf of a hyacinth or lily placed under the micro- 
scope. They vary much in form and appearance in 

Fig. 79 . — Hair of common Cabbage. It is composed of a single 
elongated conical cell. 

Fig. 80. — Hair of Marvel of Peru (Mirahilia JaJapa). It is 
necklace-like (moniliform), being composed of separate cells with 
contractions. 

/ Fig. 81. — Sting of Nettle. Its base is formed of ntunerous cells 
containing an irritating fluid. It is called a glandular hair. 

Fig. 82.— Forked or bifurcated unicellul^ hair of Draba or 
Whitlow-grass, one of the cruciferous plants. 
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different plants. On the surface of leaves hairs are 
often produced (fig. 72, p. 49 ^.) They are formed from 
the cells of the skin or epidermis, and they are com- 
posed either of single cells (fig. 79), or of several cells 
united (figs. 80 and 81). Sometimes hairs become 
forked (fig. 82), or variously divided at the apex (fig. 
83 a) \ while at other times they assume a star-like 



Fig. 83.* Fig. 84. 

form (fig. 83 5), or they unite to form scales (fig. 84). 
At the upper or lower extremities of hairs we meet in 
some instances with cells containing peculiar secretions, 
as in the case of the Chinese primrose, the sundew, and 
the nettle. The glandular haim of the nettle are called 
stings (fig. 81.) 

Leaf -arrangement , — ^The mode in which leaves are 
arranged on the stem deserves notice. They are either 
placed opposite to each other, as seen in fig. 85, or al- 
ternate with each other, as in figs. 86 and 87. ‘When 
leaves are opposite, wo. frequently find that the different 
pairs cross each other at right angles. Thus in fig. 85 

Fig. 83. . Hair of Alyssum, dividing at the top into rays in 

a forking manner ; star-like hairs. 

Fig. 84. — Radiating hair or scale in the Oleaster (Elteagnns). 
Such scaly hairs frequently give out waxy and other secretions*. 
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the two leaves A the base are placed to the front and 
back, the next two right and left, and so on. When 
several occur at the same level, they become whorled 



I 


Fig. 85. 



Fig. 86. 


(verticillate) (fig. 87), and then the leaves of the separate 
whorls alternate with each other. There is thus seen a 
law of alternation. The alternate position of leaves 
seems to be connected with the formation of the woody 
matter of the stem, and with their free exposure to air 
and light. The law of alternation is distinctly visible 
in the case of single leaves produced at each point of 
the stem. In fig. 86 there are six leaves arranged at 

Fig. 85. — Opposite leaves on a stem ; each pair is placed at right 
angles to that next it, thus following a letW of alternation. In this 
case they are said to he decussate. 

Fig. 86.— Alternate leaves. The sixth is placed directly above 
the first, and the fraction expressing the anangement is f — ^viz. two 
turns round the stem and five leaves^ 
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different heights bn the stem, and it wilFbe seen that the 
sixth leaf is directly above the first, and the same arrange- 
ment is seen in fig. 88, where the leaves are numbered 
in succession 1, 2, 3, 4, 5, 6. Commencing with the 



lowest leaf in these figures, and proceeding regularly 
through all the leaves until we reach the one directly 
above the first, we follow a spiral direction, make two 
complete turns round the stem, and meet with five leaves. 
This arrangement is expressed by the fraction i*. This 
means that there are five vertical rows of leaves, and that 
in passing from any one leaf to that directly above it, 
we make two turns round the stem, and' meet with five 
leaves. In figs. 89 and 90 it is shown that in the case 
of alternate leaves perpendicular lines may be drawn 

Fig. 87. — Acute leaves^of Rose-bay {Neritm Oleander) arranged 
in a verticil or whorl of three in the young state. 

Fig. 88. — ^Alternate leaves, arranged in the same way as in hg. 
86, tlie number expressing the arrangement being f. The sixth leaf 
is directly above the first, and there are five leaves in the cycle.* 
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through the leaves placed directly over each other, and 
the number of these lines indicates the number of leaves 
in each spiral cycle, or the number of leaves between 
any leaf on the stem and that directly above it. In 
both these figures it will be seen that the number of 
these lines is seven, and this, therefore, is the number 
of leaves in each cycle. But it will also be noticed 



Fiff. 89. Fig. 90. 


\Vat the number of turns made round the stem in com- 
pleting the cycle is different. Thus in fig. 89, com- 
mlmcing with leaf No. 1 we reach leaf No. 8, or that 
diibctly above 1, after making three turns round the 
stem, and the fraction indicating this is -f ; whereas 
in fig. 90 we reach No. 8 after oiie turn, and the frac- 
tion therefore is y. These fractions mark the angular 
divergence between any two leaves of the cycle, as repre- 
sented in the divided circles at the upper part of the 

Pigs. 89 and 90.— Diagrams to illustmte the arrangement of the 
leaves on the stem. In each figure the cycle consists of seven leaves. 
In 89 the divergence between every two leaves is f of a circle, or 
of 360®~164f. In 90 the divergence between every two leaves is 
|o£360"«61f 
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stems. In fig. 89, between 1 and 2 the angular diver- 
gence is obviously while in fig. 90 it is f of the circle. 

There is thus a spiral coil, consisting of a certain 
number of leaves — the cycle being determined by the 
leaf directly above that from which we start. The 
number of leaves in a cycle varies according to the 
series, 1, 2, 3, 5, 8, 13, 21, 34, 55, etc., where it will be 
seen that each successive number is made up of the 
two preceding. It is also observed that in passing 

Fig, 91. ’ 

through the leaves forming the cycle, the number of 
tuma which the spiral takes varies according to the same 
series of numbers. The fraction expressing their ar- 
rangement necessarily indicates the angle of divergence 
between any two leaves of the cycle — ^the divergence or 
horizontal separation of two leaves being measured by 
the arc of a circle (fig. 91, h) corresponding to an angle 
of which the summit is in the centre of the branch (fig. 
91, a). Thus we arrive at a series of fractions, |., 
h A* A. It* -H. and so on. 

In what is called the one-half arrangement the leaves 
are in two rows, .and the third leaf is the one directly 

Fig. 91. —a Indicates the angle of divergence between two leaves, 
and b the arc of the circle which measures it. 



ARRANGEMENT OF LEAVES. 


59 


above the first. In the one-tbird or two-thirds arrange- 
ment there are three rows, and the fourth leaf is directly 
above the first. In the two-fifths series there are five 
vertical rows of leaves, and the sixth is directly above 



Kg. 92. 

the first. The following figures will show the five- 
rowed arrangement : — 


21 

22 

23 

24 

25 

16 

17 

18 

19 

20 

11 

12 

13 

14 • 

15 

6 

7 

8 

9 

10 

1 

2 

8 

4 

5 


We thi^ perceive that a series of vertical lines may be 
drawn, passing through leaves which are placed directly 
over each other (figs. 89 and 90). If we can count 
five vertical rows, then we refer the arrangement to ■§■ ; 

Fig. 92. — Rosette of leaves of the House-leek (Smpermvum 
t^oTvm), showing a cycle of thirteen leaves, indicated by the frac- 
tion -jV. The observer is supposed to be looking downwards on the 
top of the rosette. There is a short axis A bearing the leaves. On 
this axis there have been described five revolutions of the spire, and 
the origin of each of the thirteen leaves is indicated. 
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if 8, to f ; and if 13, to ; and so on. When leaves 
are very crowded, the vertical ranks are not so evident 
as two or more rows of oblique or secondary spirals, 
which are seen winding in opposite directions. Still 
there is the same spiral arrangement of the leaves, as 
shown in fig. 92, where the crowded leaves of the 
house-leek are numbered according to their position. 
Similar spiral arrangements are seen in the scales of the 
fir-cone, which are looked upon as modified leaves. 

Vcmaiicm . — ^The arrangement of the leaves in the 
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leaf-bud is called vernation, and it furnishe^ important 
characters. Individual leaves in a bud may be folded 

Pig. 93. — Two sides of the leaf folded in each other (condupli- 
cate). 

Pig. 94. — Edges of the leaf rolled inwards (involute) ; when* 
rolled in the same way outwards they are revolute. 

Fig. 95. — Leaf folded like a fan (plaited, plicate). 

Pig. 96. — Leaves in a leaf-bud folded, and their edges applied tq 
each other in a decussate manner (accumbent). 

Fig. 97. — Loaves in a leaf-bud folded, and overlapping each 
other (equitant). 
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from their midrib, as in fig. 93, or rolled outwards or in- 
wards at their margins (fig. 94), or from top to bottom, or 
they may be folded like a fan, as in the Lady’s mantle 
and in the vine (fig. 95). The leaves in the bud, taken 
collectively, may be applied to each other at their edges, 
or they may overlap in various ways (figs. 96 and 97). 

QUESTIONS. 

1. Describe the structure of an ordinary leaf from the 
upper to the under surface. 

2. Describe the integument of leaves. 

3. What is meant by venation ? 

4. Divide leaves according to their venation. 

6. How are spines in leaves formed ? Give an example. 

6. Describe stomata. 

7. What is the structure of hairs ? 

8. What is meant by glandular hairs ? Give examples. 

9. What is meant by star-like hairs ? How are they 
formed ? 

10. What is meant by epidermal scales? Explain 
their formation. 

11. Mention a peculiarity in the hairs of the leaves of 
the nettle. 

12. Describe the mode in which leaves are arranged 
upon the stem. ' 

13. What is meant by opposite and alternate leaves ? 

14. What is meant by whorled (verticillate) leaves ? 

15. What is meant by decussate leaves ? 

16. What is the series of numbers exhibited in the leaf- 
arrangement ? 

17 Explain the meaning of the fractions f, and | 
applied to the leaf-arrangement. 

18. Exphiin the term vernation.’ 

19. Describe some of the modes in which the leaves arc 
folded in the bud. 

, Conformation of LGavc$, — ^The leaf consists of the 
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blade or laming, and the leaf-stalk or petiole (fig. 73, 



Fig. 100. Fig. 99. 


p. 50). When there is no stalk, the leaf is called sessile 

Fig. 98. — Simple oblong entire leaf of a species of Senna. The 
apex is obtuse or blunt, and the base is unequal. 

Fig. 99. — Simple runcinate leaf of Dandelion {Leontodm Tarax- 
acum), It is a piunatiM leaf, vrith the divisions pointing towards 
the petiole. 

Fig. 100.— Simple leaf of castoroil plant {Miciwus C(mmunis), 
It is palmatcly cleft, and exhibits seven lobes at the maigin. The 
petiole or leaf-stalk is inserted a little above the base, and hence 
the leaf is cidled peltate or shield-like. 
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(fig. 75 , p. 60). The leaf-etalk is usually rounded ; but 
sometimes it is flattened, or forms a sheath round the 
stem. At the base of the leaf there are occasionally 
leaflets attached laterally, and called stipules (figs. 73 and 
101, a). The presenceor absence of these leaflets furnishes 



useful characters. Leaves are usually arranged under 
•the heads of simple and compound ; the former having 
a blade composed of one piece either perfectly entire or 
divided in various ways, and having no joint beyond 
the points where the leaves are united to the stem (figs. 

Fig. 101. — Compound impari-pinnate (unequally pinnate) leaf of 
Bobinia. There are nine pairs of shortly-stalked leaflets (foUola^ 
pinnx), and an odd one at the extremity. At the base of the 
leaf stipules a are seen. 
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98, 99, 100) ; tho latter having a blade divided with 
septate parts or leaflets, which are united by joints to 
the petiole or leaf-stalk (figs. 101, 110). 

The form of leaves depends upon the mode in which 



the ribs and veins are distributed and tho margins are 
divided. When a leaf or leaflet has no division^ on its 
margin, it is called entire (fig. 98) ; when the margin 

Pig. 102. — Margin of leaf, toothed (dentate). 

Fig. 103. — Leaf of Ground-ivy (Nepcta Glechorm), having, a 
kidney-like form, and hence called reniform. Its margin is crenate. 
The venation is radiating. 

Fig. 104, — Pinnately-partite leaf of a kind of Poppy. The seg- 
ments of the leaf are pinnately-cleft. 

Fig. 105. — Lanceolate leaf of willow, narrow and tapering to 
each end. 
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presents small acute prqjectioiiSi the leaf is toothed 
^fig. 102) ; when these projections ate arranged like the 
teeth of a saw, the leaf is serrate (hg. 71, p. 48) ; and 
when the projections are rounded, the term crenate is 
applied (fig. 103). 



Fig. 108 . 


When a single leaf is divided deeply in a lateral 
direction — i. e. from the margin towards the midrib — ^it 
is said to be pinnately-cleft or pinnatifid (fig. 99) ; if 
the divisions extend nearly to the midrib, then the term 

Fig. 106.— Airow-shaped leaf (sagittate) of Scammony. » 

Fig. 107.— ihitire egg-shaped (ovate) acute leaf of Coriaiia. It 
is also three-rihbed (tricostate). 

Kg. 108. — ^Doubly pinnate (bipinnate) leaf; 5, a spiny bud 
arising from the stem. 


F 
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pattite is used in place of cleft, and the leaf is piur 
nately-partite (fig. 104). 

When a single leaf is divided deeply in a longi- 
tudinal direction — that is, ftom the apex to the base — 
the terms palmately-cleft and palmately-partite are 



used, and the number of divisions is indicated by a 
numeral prefixed. Thus, in fig. 100, there is a pal- 
mately-cleft leaf, and the divisions and lobes being 
seven, the name 7-cleft is also applied. 

Various names are given to the forms of single leaves, 

Fig. 109. — ^Wood-sorrel {OoixiMs Acetosella), with its compound 
ternate leaves, which are said to display a certain amount of irri- 
tability when exposed to bright sunshine. During the night each 
of the three leaflets, forming the compound leaf, fold on their mid- 
rib, and then fall down towards the common petiole. 

' Fig. 110.-~-Compound septenate leaf of the horse-chestnut 
(Msculm Hippocakmum), Such leaves are sometimes called 
digitate. 
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such as lanceolate, meaning narrow and tapering to each 
end (fig. 105) ; oblong, meaning narrow, but not taper- 
.ing to each end (fig. 98) ; cordate, like the heart on 
cards ; sagittate, like an arrow (fig. 106) ; ovate, or egg- 
shaped (fig. 107). When a heart-shaped leaf has the 



division of the heart at the point farthest from the 
stalk, it is obcordate ; and when an ovate leaf has the 
broad part of the egg similarly placed, it issobovate. • 
In a compound leaf the divisions vary in a similar 
manner— taking place either laterally or longitudinally. 
In this case, however, the divisions consist of separate 

• Fig. 111. — ^Tritemate leaf of Banebeny {Acicea), 
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leaflet^ ttBU^y articulated, to the petiole or midrib. A 
compound leaf having leaflets placed laterally along the 
midrib is called pinnate (fig. 101, p. 63, and fig. 117). 
The leaflets are in pairs, and the leaf may end in a 



the former case it is equally, in the latter unequally, 
pinnate. The leaflets themselves may be divided into 
a series of smaller leaflets in pairs, and then the leaf 
is twice pinnate (bipinnate) (fig. 108). Further divi- 
sion on a similar plan will make it thrice pinnate (tri- 
pinnate), and so on. 

Fig. 1X2. — Leaf of orange showing a winged 

petiole^ jp, which is articulated to the blade (lamina) X, It is a 
compound leaf with only one leaflet. 

Fig. 113. — ^Broadened leafstalk {phyUodiim) of an acada, with- 
out any true leaves. 

Fig. IIA*— Leafstalk of the same acacia beaiing leafiets. ' 
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A compound leaf formed of leaflets jointed to the 
top of the leafstalk (the divisions being thus Ion- 
• gitudinal) is named according to the number of the 
^leaflets— ternate, when they are three (flg. 109) ; quinate, 
when they are five ; septenate, when seven (fig. 110) ; 
and digitate wLen they are numerous. When a temate 



leaf divides twice into three, it becomes biternate; 
when thrice, tritemate (fig. 111). 

Petiole or Leafstalk , — ^The petiole or leaf-stalk is 
usually rounded in its contour, and it is either articu- 
lated to the stem, as in the case of ordinary trees when 
the leaves fall in winter, or it is continuous with the 

Fig. 115. — Plant of water-chestnut (Trapa ncUcm^. The sub- 
merge leaves are much divid^; those which float have inflated 
petioles, containing ifumerous ‘air-cells. The sweUing below the 
blade of the leaf indicates the situation of the aiivcavities. 

> Fig. 116.— Leaf of Pansy, 1, separated from the flower ; the 
pinnated stipulesj, e, are distinctly visible, and their lateral position 
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fi^tein^ as in lilies and hyacinths^ and then withers with- 



Fig. 117. 

out falling off. The petiole is flattened from side to 
side in the aspen, and it is broadened out into a leaf- 



Fig. 118. 


like body in the orange (flg. 112), and in some acacias 

Fig. 117. — Compound pinnate leaf of rose, with two stipule at 
its base united to the leaf-stalk and to eadi other. 

Fig. 118. —Wavy leaf of melon, with a stipnle, a, in the form 
of a tendril. . 
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(fig. 114 ). In many acacias of Australia the petiole 
serves the puipose of leaves^ and no true leaves are 
produced (fig. 113 ). In some aquatics the leaf-stidk 
is fuU of air, so as to enable the leaves to float on the 
surface of the water, or to rise above it (fig. 115 ). 

Stipules, — These are small leaf-like bodies situated 
at the base of the leaf-stalks, and having in their normal 
state a lateral position as regards the leaves. In some 
plants they occupy the place of the true leaves. They 
^are well seen in the common pansy (fig. 116 ). In the 
rose the two stipules are united together so as *to form 
a broad expansion at the base of the petiole (fig. 117 ). 
In rhubarb the stipules form a sheath round the stalk, 
and'in the cucumber tribe they are in the form of ti^ndrils 
(fig. 118 ). In the case of Peruvian Bark tre^, the 
stipules are placed between the opposite leaves on each 
side of the branch. 

QUESTIONS. 

1. Wliat is meant by the conformation of leaves ? 

2. What is the meaning of the terms lamina and petiole ? 

3. What are stipules ? * 

4. How have leaves been arranged in regard to their 
general conformation ? 

5. Explain the meaning of a simple and of a compound 
leaf, and give an example of each. 

6. Explain the terms entire, toothed, serrate, and 
crenate, as applied to leaves. 

7. Explain the terms pinnaitifid and pinnati-partite. 

8. Explain the terms palmately-cleft and palmately- 
partite. 

9. Explain ihS terms lanceolate, oblong, cordate, and 
ovate. 

10. Explain the terms obcordate and obovate. 

11. Explain the term sagittate. 



72 


ANOMALOCJS I^EAVES. 


1 2. Ei^pkin the tetme piimate, bipinnate^ and tripinnate. 

13. Explain the terms temate, bitemate, and tiitemate. 

14. Explain the terms qninate, septenate, and digitate. 

16, What is meant by a sessUe leaf ? * 

16. Describe the petiole of the orange. 

17. Describe a peculiarity in the leaf-stalk of some 
Australian acacias. 

18. Describe the position of stipules. 

19. What kind of stipules are seen in the pansy and in 

the rose ? . 

20. Are stipules present in all plants ? 

Anamaloua Leaves , — Leaves exhibit peculiar shapes 

in consequence of being folded so as to form bags 
or pitchers. There are various kinds of pitcher-plants. 



The pitcher of an American pitcher-plant {Sarra- 
cmid) is represented in fig. 119, while that of an 
East Indian plant (^Nepenthes) is seen in fig. 120. In 

Fig. 119. — ^Pitcher of a North American 

marsh plant. 

Fig. 120. — Pitcher of Nepenthes dtsHllatoria from the Indian 
Archipelago. It hangs by a narrow portion from the end of, the 
leaf, and has a distinct lid which closes the orifice at firet. 
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tlie latter there is a distinct lid, Tphich is folded over 
the mouth of the pitcher at first, but ultimately 
rises, as shown in the woodcut. The fluid in the 
pitcher before the lid opens contains certain salme 
matters in solution. One of the Indian pitcher-plants, 
called Diechidia rafflesiana, climbs to the top of the 
lofty trees and produces pitchers only among the upper 
leaves. There it is that the plant sends out little 
rootlets, which enter the pitchers and derive nourish- 
ment from the rain and dew which are thus collected. 

Irritable Leaves , — An interesting phenomenon ex- 



hibited by the leaves of plants, is irritability. This 
is manifested by certain movements which they display 
either spontaneously or under the influence of me- 
chanical and chemical stimuli. In the plant called 

Pig. ^DUmcea mumpda, Venus’s fly-trap, a North Ame- 
rican marsh-plant, which displays irritability of its leav^ One 
leaf, a, is expand^, showing the two parts of the blade with three 
projecting hairs on each, which, when touched, cause the parts of 
the blade to fold, as shown in the other two leaves. The petiole, p, 
is broad, and is said to be winged, A partially-closed blade of the 
leaf is marked I, 
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Venus’s fly-trap (fig. 121) the leaf is furnished with 
three p^jecting hairs on its blade, as seen in the ex- 
panded leaf on the figure, which, when touched, im- , 
mediately cause the leaf to fold upon itself, and thus 
enclose any insect that may have alighted on it. In the 
sensitive-plant (fig. 122), the slightest touch causes the 
little leaflets to fold together in the way shown in the 
figure, and if the irritation is continued, the whole leaf 



Fig. 122. Fig. 123. 


falls down. These movements are also induced by the 
action of ether, chloroform, prussic acid, and many 
other substances. If the cause of irritation is removed, 
and the plant is left undisturbed, it gradually recovers , 

Fig. 122 . — Mimosa pudica^ sensitive-plant. The stem with two 
leaves. Each leaf is composed of numerous leaflets on a comtndn 
stalh. In the lower loaf, the leaflets are expanded at one paijb and 
closed at the other. In the other le^ all the leaflets are dosed, 
and the whole leaf has fallen down. 

Fig. or iZedj/saruwi gyrans, the moving-plant . 

of In^a. The laiifee leaf . moves slowly and imperceptibly from side 
to side, as well as upwards and downwards. The little leaflets are 
constantly jerking so as to meet in the middle and then separate 
again. 



75 


JUNCTIONS OF LEAVES. 

its natural state. Daring the night, the leaflets close 
and the; leaf is depressed. In the moving-plant of 
India (Demodium gyrans) as shown in fig. 123, there 
are tivo little leaflets which are in constant motion, 
jerking from one side to the other in a remarkable 
manner, both during light and darkness. The large 
leaf at the end of the stalk also exhibits slow move- 
ments, rising and falling and moving from one side to 
the other. During darkness, the large leaf always hangs 
down. These rem^jjfkable movements exhibited by the 
leaves of plants are not connected with nerves or 
muscles, as is the case in animals, but they seem to be 
caused by the greater or less distention of cells con- 
nected with the bases of the leaflets and of the leaf- 
stalks. ^ ‘ ‘ 

QUESTIONS. 

1. How are vegetable pitchers formed ? Mention two 
kinds, and describe the diflerence between them. 

2. What is meant by iiritable leaves ? Give an example. 

3. iJescribe the movements in the leaf of Venus’ fly-trap. 

4. Describe the movements in the leaves of the sen- 
sitive-plant. 

5. Describe the movements in the leaves of the moving- 
plant of India. 

Functiona of Leaves , — In the form and size of leaves 
we may perceive many interesting adaptations. Thus 
the large fan-shaped leaves of palms are fitted for shade 
and shelter in the warm countries in which they grow ; 
while the narrow linear leaves of pines and firs fit them 
for the alpine districts in which storms and blasts pre- 
vail In leaf-buds also, wonderful provision is made 
by the Creator for the preservation of their contents. 
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They ate a sort of winter-qaarters, in’ which the young 
leaves and branches are nursed. With this view they 
are covered with coarse external leaves, or with a coat- 
ing of gummy or resinous matter. It is only when the 
genial warmth of spring calls them forth that they 
burst their cerements, and expand their delicate struc- 
tures to the air. Our native plants protrude their 
leaves cautiously, and thus are seldom injured much 
from our variable springs ; but exotics transplanted 
from temperate climes, where spru^ is continuous, and 
there are no nipping frosts to arrest growth, are often, 
as it were, deceived by a few days of warmth in our 
northern climate, put off their winter clothing too soon, 
and thus suffer severely for their temerity. The time 
of putting forth the leaves, as weU as the time of the 
falling of the leaves, indicates the nature of the seasons. 

The function of leaves is to expose the juices of 
the plants to light and air, and thus to aid in forming 
the woody matter of the stem, and the various secretions. 
Unless the leaves are freely exposed to air and light, 
the wood is not properly formed. Hence the reason 
why the wood is deficient both as regards quantity and 
quality in trees grown in crowded plantations. The 
same observations apply to all the secretions of plants. 
Thus potatoes grown in the shade, by which the func- 
tions of their leaves are impeded, become watery, and 
produce little starch in their tubers. Leaves also give 
off a quantity of watery fluid. This constitutes what is 
called exhalation. The amount of fluid exhaled varies' 
according to the structure of the leaves and the nature 
of the climate. When the texture of the^eaf is hard 
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and dxji as in some Auatialian pkntsi or the skin 
covering the leaf is thick and dense, and has few 
stomata, as in the American aloe and in the oleander, 
the exhalation is comparatively smalL In this way 
certain succulent plants, as cactuses, are enabled to 
withstand the effects of dry and hot climates without 
being dried up by the great loss of fluid from exhalation. 
The thick covermg of hairs, as well as the waxy 
coating on some leaves, seem to be connected with the 
amount of exhalation. Some very hairy plants have 
been known to withstand the effect of great and con- 
tinued drought. Plants exhale fluid from their 
leaves, in the flrst place, for their own benefit. But 
various important secondary effects follow &om this 
process. One of these is maintaining a suitable portion 
of humidity in the air. Not only do they attract and 
condense the moisture suspended in the air, and borne 
by the wind ,over the earth’s surface, which, falling 
&om their leaves, keeps the ground below moist and 
cool ; but they can, by means of their roots, pump it 
up from a very considerable depth, and, raising it 
into the atmosphere, diffuse it over the &ce of the 
country. Trees, by the transpiration from their leaves, 
surround themselves with an atmosphere constantly 
cold and moist. They also shelter the soil from the 
direct action of the sun, and thus prevent evaporation 
of the water furnished by rains.” In this way they 
contribute, as Humboldt states, to the copiousness of 
streams.. When forests are destroyed, as they have 
been in Ammca by the European settlers, with an im- 
prudent pillipitation, the springs are entirely dried 
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up, or ^e<K)me less abundant. The inconsiderate fair 
ling of woods, or the neglect to maintain them, has: 
changed regions noted for fertility into scenes of s^jj[ity. ^ 
The droughts which so often visit the Cape de Yerd 
Islands are attributed to the remoyal of their forests. 
A disregard of this point may do great harm to Aus- 
tralia — a country where drought is already sufficiently 
injurious. In wooded countries, where the rains are 
excessive, as in Eio Janeiro, the climate has been im- 
proved by the diminution of the trees. 

Another and most important function of leaves is to 
keep up the purity of the atmosphere. A poisonous 
gas, called carbonic acid gas, is constantly sent into the 
air by the breathing of man and animals, and by the 
various processes of combustion ; and this gas is de- 
composed by leaves, and the green parts of plants, under 
the influence of light. They are thus enabled to 
separate the carbon for their own use as food, and to 
give out oxygen gas, which constitutes the part of the 
air necessary for breathing. The carbonic acid gas 
exhaled from the lungs of a single individual in twenty- 
four hours contains, on an average, five to eight ounces 
of carbon — a substance familiar to all in the form of 
wood-charcoal. A full-grown man, therefore, will give 
off from his lungs, in the course of a year, 110 to 180 
pounds of carbon in the form of carbonic acid. If 
we suppose,” says Professor Johnston, “ each individual 
of Great Britain, young and* old, to expire only 80 
pounds of carbon in a year, the 20 millions would emit 
700,000 tons; and allowing the cattle, sheep/ and all 
other animals to give off twice as much moro, Hxe whgle 
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wdght of carbon returned to the air by respiration in 
this island, would be about 2 millions of tons.” Be- 
sides this, we must take into calculation the quantity 
derived from the combustion of about 20 million tons 
ol coal, in order to ascertain the amount to which the 



Fig. 124. 


atmosphere in Britain is vitiated. All the carbon m 
employed in the growth of plants. The exhalation 
from the leaves of plants grown in ordinary rooms is 

Fig. 124.— -Wardian Case for a drawing-room, consisting of a 
.^strong wooden box or trough, a, supported on a stand, and covered 
with a glazed frame, b. The box is filled with loam, sand, and 
peat, laid over a layer of gravel and broken bricks. Water is freely 
poured over the soil at first, and it is allowed to drain off by means 
of two holes in the bottom of the box, which are subsequently 
stopped up with corks. After flie plants have been put into the 
soil, the glazed frame, made of wood, zinc, or brass, is fitted on 
caiefhUy in a groove on the upper part of the box. In the frame 
there is a glass door for the puipose of allowing the removal of dead' 
leaves, and of pefimitting air to enter freely when'the atmosphere in 
the case is too moist. > 
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so gieat that the plants will not thrive. To obviate 
this, and to prevent the effects of the noxious gases 
(such as sulphurous acid and sulphuretted hydrogen) * 
and the smoke of towns from injuring the plants, Mr. 
Ward invented glass cases, which bear his name, in 
which cultivation is carried on successfully (hg. 124). 
In these cases the water exhaled from the leaves is 
condensed bn the glass and falls down again. Ferns 
succeed remarkably well in such cases. 

The leaves of plants growing vigorously are thus 
made subservient by the all-wise Creator to most im- 
portant ends. The carbon, which in its combination 
with oxygen is so deleterious, is an important ingredient 
in plants, and is taken up by them in the form of 
carbonic acid. Plants of warm climates, with large, 
evergreen leaves, and under the blaze of a tropical sun, 
contribute to supply pure air to other rd^ons where the 
leaves fade and the light is deficient. It is only during 
light that leaves have this decomposing power. 
During the night no such process goes on ; and if the 
leaves are kept long in darkness they lose their green 
colour, become pale and sickly, and deteriorate the air. 

In preparing certain delicacies for the table, the 
gardener blanches plants — ^that is to say, he makes them 
grow in darkness, or at least, partially covered from' 
the light. In this way the plants lose their green 
colour, and they do not form their proper secretions. 
In place of fibrous matter, only delicate cells and spirals 
are produced, and the plants are rendered tender. Thus 
the leaf-stalks .of celery and sea-kale, and the shdote 
of asparagusj are made fit for use. IM heart of the 
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cabbage is rendered white and delicate by the outer 
l^yes screening it from light. By the same process 
the odours of plants are weakened or destroyed. 

In ponds and lakes we perceive the balance kept up 
between animal and plant life. The plants, under the 
influence of light, decompose the carbonic acid given 
oif by the animals, and produce oxygen gas, which 
aerates the water. The heat and light received by 
plants for their growth do not disappear, but are 
treasured up in the tissues, and when the tree is burnt, 
it restores again the heat and light consumed during 
its growth. 

TIw Fall of the Leaf (Defoliation). — ^The leaf, after 
performing its functions, dies, and either falls off at 
once, leaving a scar, or remains for a certain time 
attached to the plant. In the case of lilies and hy- 
acinths the leaves decay gradually, and remain for a 
long time as withered unsightly appendages. Pro- 
vision is made for the fall of the leaf. Long before 
this a plane of separation begins to form at the ]}ase 
of the leaf-stalk, and it reaches its full development 
just at the time when the leaf ought to fall. A scar 
is left at the point of the stem where the leaf was 
attached. These scars give characters to plants, both 
in a living and fossil state, and deserve careful study. 
Dir. Fleming divides trees, according to the duration 
of their leaves, into three classes : — 1. Those in which 
the leaves cease to perform their functions when the 
bud is complete. 2. These in which the leaves con-, 
tinue to perform their functions until new ones appear 
the following season. 3. Those in which the leaves 
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contintie to perform their Unctions £91 several years. 
The leaves of the first class are deciduous^ and they 
seem to be connected with the ripening of the bud. . 
When this takes place, these leaves change their colour 
and perish. This may be seen in willows. Leaves of 
the second class are annual. They continue till new 
leaves are produced, and are cast off in the order of 
their development. In evergreen trees and shrubs the 
leaves of one season continue their functions until those 
of the next season are produced. The leaves of the 
third class are persistent. Their duration does not 
seem to be regulated by the perfection of the bud, nor 
by the development of new leaves. They continue 
their functions for several years. This is the case with 
ordinary evergreen firs. The leaves of the Chilian 
Pine (Aramaria imbricatd) are remarkably persistent. 

How exquisite is the structure of a "with 
its delicate colls and vessels, its coloured particles, 
beauteous even in decay, its pores, its hgirs, which 
sometimes display continuous circulation of fluids, as 
seen in the nettle, its sensitive movements, its air- 
cavities when required for floating, and its pitchers 
to carry fluids for nourishment 1 How wonderful to 
think that a feeble leaf fluttering in the breeze is 
not an isolated object in creation, but connected by 
the closest ties with the earth, the atmosphere, and the 
sun itself ! • 

The parts of the plant which we have now con- 
sidered— the root, stem, and leaves — constitute what 
are called the organs of nutrition or nourishment. 
Fluid matters are taken up by the cells of the. roots 
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from the soil, they are conydyed to the leaves, and there, 
under the influence of air and light, they are fitted for 
the purposes of plant-life, and for the production of vari- 
ous secretions, such as starch, gum, sugar, woody matter, 
gluten, oils, and resins. The nature of the soil has a 
material influence on the nourishment of the plant, and 
the process of manuring is conducted with the view of 
supplying certain substances which the plant requires 
for its vigorous growth, and which it cannot get from 
the particular soil in which it is placed. Some plants 
require ingredients which others do not need ; and it is 
upon this principle that a certain rotation or change of 
crop is adopted. 

QUESTIONS. 

1. What are the functions of leaves 1 

2. How are leaves, protected in the bud ? 

3. What changes taie place in plants when grown in 
the dark ? Give an example. 

4. What is meant by the exhalation of leaves ? What 
'matters are exhaled ? 

6. What is meant by leaf-absorption ? What matters 
are absorbed ? 

6. What effect do leaves produce on the atmosphere ? 

7. Whence arise the difficulties of growing plants in 
cities, and in the rooms of houses ? 

. 8. Describe a Wardian case, and explain its advantages 
and use. 

9. What poisonous gas is absorbed largely by the 
leaves of plants ? 

10. What gases in the atmosphere of manufacturing 
towns are specially injurious to plants ? 

V 11. What is meant by defoliation ? 

12. Mention two modes ip which leaves decay in 
autumn. 
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13. How can the nature of the seftsoufi be indicated by 
the leaves of trees ? 

14. What is meant by a leaf-scar ? 

15. Do all leaves fall annually 1 

16. What is meant by evergreen trees and shrubs I 

17. What is meant* by persistent leaves ? Give an 
example. 



CHAPTER 11. 


THE ORGANS OF REPRODUCTION. 

The flower, or the floral organs concerned in the pro- 
duction of seed containing the young plant, are called 
the Organs of Reproduction; In exogens and endogens 
these organs are usually obvious, and hence these plants 
are called Flowering or Phanerogamous — Le, with repro- 
ductive organs conspicuous. In acrogens, on the other 
hftnd, these organs are obscure, and hence the plants 
are called Flowerless or Gryptogamous — that is, having 
concealed organs of reproduction. We shall consider, in 
the first place, these organs as seen in flowering plants. 

I. — On Bracts, Flower-stalks, and the Arrangement 
OF THE Flowers on the Axis. 

The arrangement of the flowers on the flowering 
stem or branch is called Inflorescence. Flowers are 
produced from flower-buds, which arise like leaf-buds 
from the axil of leaves — that is, from the angle formed 
by leaves coming off from the axis. Leaves which give 
origin to flower-buds are called Bracts. They are some- 
times similar to the ordinary leaves of the plant, at 
other times they are altered and modihed in various 
ways. ; In fig^ 125 is seen the common scarlet l>imper- 
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nel^ witb each df the sessile (not stialked) leaves dr bracts 
producing a flower ; in this case the bracts are like the 
ordinedy leaves of the plant. Such is also the case in the 
ivy-leaved speedwell, but in it the leaves are alter- 
nate in place of being opposite. In other cases, however, 
the bracts differ from the ordinary leaves. Sometimes 
they dre beautifully coloured like the leaves of the 
flower, sometimes they are mere scales. While in some 
instances they give origin to one flower^ in others they 
give rise to many flowers. In flg. 126 the common snow- 
flake is seen bearing a single flower with a bract which 
in the early state covers the flowers ; while in fig. 127 
the polyanthus-narcissus is represented, with a sheathing 
bract enclosing many flowers. In the common cuckoo- 
pint, and in palms, large bracts are seen enclosing 
numerous flowers. In the case of some palms the 
number of flowers covered by one sheatjiing bract or 
spathe is said to be upwards of 200,000. In grasses 
the bracts covering the flowers are called glumes. The, 
simplest kind of inflorescence or floral anungement is 
that in which single flowers are supported on flower- 
stalks arising from the axil of leaves, as in the gentian- 
ella, the snow-flake (flg. 126), the common periwinkle, 
and the pimpernel (flg. 125). In these instances, how- 
ever, there is a difference in the mode of floral develop- 
ment. In the first two a single flower ends the prim^ 
axis, which is arrested in its growth, and does not elon- 
gate. Should more flowers be produced, they arise from 
separate axes, and they expand after the central flower. 
In this case, if clusters of flowers are produced, we may 
observe*one flower in the centre fully expanded, a second 
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&itberftom the centre only partiallj expanded, and a 



Fig. 125. 


Pig. 126. — Flowering stem of ATiagaXlis a/rvensiSf the ^Scarlet 
Pimpernel or Poor-man’s Weather-glass. The floral stem or axis 
goes on lengthening and. producing flowers at the points where the 
leaves (called floral) join the axis or stem. The lowest flower ex- 
pands first, ami the others in succession upwards. The bracts, in 
this case, are like the ordinary leaves of the plant, and each bract 
gives rise.to a flower. 

Fig. 126. —Flower of Spring Snow-flake {Z&ucqjum vermm), 
supported by a peduncle p, call^ a scape, and coming put from a 
sheathing bract d. The flower is drooping and solitaiy, and the 
perianth is above the ovary. 
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third BtiU further off in the state of bud, and so on. 
The expansion of the flowers is, therefore, what is called 
centrifugal-^i.e. going from the centre outwards or 
downwards. Again, in the latter two instances — viz. 
the periwinkle and the pimpernel — the floral expansion 
is different ; the flowers are produced laterally on the 



Fig. 127. 

axis, which elongates and continues to produce flowers 
in regular succession from below upwards, so that the 
lowest flowers are first expanded, and the whole inflor- 
escence is on one axis. This development is called cen- 
tripetal, because the expansion is from below upwards, 
or, in the case of shortened clusters, from without in- 
wards, always towards the centre of the axis. There are. 

Fig. 127. — Flowers of Polyanthus-Narcissus (iVarcwsws TtmUa) 
bursting from a sheathing bract The inflorescence is a definite 
umbel. 
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then, two kinds of inflorescence— one called Deter- 
minate or Definite, with centrifugal opening of the 
flowers; and the other Indeterminate or Indefinite, 
with centripetal opening of the flowers. 

In the dandelion, daisy, and marigold, the heads of 
flowers are surrounded by a set of bracts arranged in a 



Fig. 128. Fig. 1 l9. 


whorl or involucre (tigs. 1 30 6, 1 28 ^). A similar arrange- 
ment of bracts is observed in the hemlock tribe. In the 
willow, the hazel, the oak, the walnut, and other trees 
which bear catkins, each flower hasa scaly bract covering 
it (fig. 129). Bracts sometimes continue attached to the 
fruiV'as in the oak, hazel, hop, and fir. The cup of the 

Fig. 128. — ^Head of flowers of Marigold, consisting of numerous 
flowers, enclosed by bracts, . i, which ibnn an involucre^ or covering 
outside the mass of flowers. 

Pig. 129.— Catkin (Amtiduvn) of the Walnut, bearing numerous 
flowers, each of which has a scaly bract at its base. 
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Pig. 132. 


acorn (iig. 214, p. 144), the husk of the common filbert 

Fig. 130. — Receptacle or part of the Dandelion on which the 
flowers are placed. It il^ represented in the dry state when the 
plant is in fruit, and the leaves surrounding the head of flowers ore 
turned back so as to allow the fruit to be easily scattered by the 
^nd. The fruit is seen with the calyx attached, and appearing 
above in the, form of hairs or pappus. 

Fig. 131. — Peduncle or floral axis of Fumitory {Fmmria 
oJjlwiTMlia)^ healing numerous flowers (multifloral). Bach flower is 
attached to the rachis or floral axis by a short s^k called a pedicel, 
at the base of which a leaflet called a bractlet is produced. The 
length of this bractlet, os compared with the pedicel of the fruit, is 
useful in determining the species of frimitory. 

Fig. 132. — ^Butchers-broom, showing leaf-like flower-stalks bear- 
ing clusters of flowers. 
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(fig. 213, p. 144), the scales of the hop-fruit, and those 
of the cone (fig. 218, p. 145), are bracts. 

Some flowers are supported on a stalk called a 
peduncle, while others have no stalk and are called 
sessile. * A flower-stalk may support one flower, as in the 
pimpernel and snowflake (figs. 125 and 126); or it may 
support many flowers, as in the narcissus and the mari- 
gold (figs. 1 27, 1 28). In the dandelion (fig. 1 30) the top 



Fig. 133. Fig. 134. 


of the peduncle is flattened, so as to form a receptacle for 
many flowers. In the common red currant, in germander 
speedwell, and in fumitory (fig. 131), we have instances 
of elongated flower-stalks having many flowers home 
on short stalklets, and arranged alternately. Flower- 
stalks are broadened like leaves in the butchers-broom 
(flg. 132), and they become large and succulent in the 
cashew, where they constitute what is called the cashew- 

Fig. 133. — ^Pniit of Fig. This is a succulent stalk, or peduncle, 
Curved so as to form a hollow receptacle, on which numerous flowers 
placed, each bearing a single-seeded fruit resembling a seed. 

Fig. 134 . — Rhus Cotinus, the Wig-tree, so called oh account 
of its flowering stalks bearing hairs in place of flowers. In the 
figure a solitary flower is shown ; all the rest are abortive. 



imOBESCENCE. 


apple bearing the fruit or nut. The iig presents a hol> 



Fig, 186. 


low peduncle hearing numerous flowers inside (fig. 133). 

Fig. 186.— Flowering stem of Gentianella {Oentmim acavMa), 
The plant produces a single flower, and it is called unifloral. The 
termination of the axis, a, bears two leaves or bracts, c. The flower, 
6, with its calyx and corolla, terminates the axis; This is the 
simplest form of definite inflorescence. If other axes are pi'oduced 
in such a case, they arise from the axil of the bracts, c, and the 
flowers expand after the centra] one, 6, or' in what is called a centri- 
fhgal manner. Each axis ends in a solitary flower. 

Fig. 136.— Flowering stalk of Clove-pink (Dianthiu Caryo- 
phyllus). The flowers form a fascicle. The inflorescence is definite 
and centrifugal— the central flower expanding first, afterwards those 
at 6 and c. 
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In the wig'tree some of the peduncles bear hairs in 
place of flowers (fig. 134). 



Kg. 137. Fig. 13». 


In fig. 135 there is shown a flower of gentianella, 
which terminates the axis and is solitary. It is a simple 
instance of definite flowering. Should other flowers be 
proiluced, they will be developed on separate axes in a 

Fig. 137. — Spike of Verbena, consisting of sessile flowers, which 
eipand trom hdow upwards (centripetally). 

Fig. 138. — ^Head of flowers of Scabious. The outer flowers 
open fliat, and the inflorescence is oentripetal— t.e. from without 
in^^ards to the centre. 
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centrifugal manner — i.e, further and further from the 
central flower, which is the first to expand. In fig. 136 
there is an instance of a many-flowered definite inflores- 
cence in the carnation. The central flower is shown 
fully expanded. It terminates the primary axis. The 
second flower, ft, is not yet expanded fiilly. It is pro- 



duced on a secondary axis farther from the centre; 
while the flower, c, is still less expanded, and is pro- 
duced on a tertiary axis still farther from the centre. 
These, then, are two cases of definite inflorescence — -the 
first being one-flowered, the second many-flowered. 

IFig. 137 is an example of indefinite inflorescence 

■ ■■ t 

Fig. 139.-— Raceme of Red Currant Stalked flowers on a length- 
ened axis. Inflorescence centripetal— from below upwards. ' 

Fig. 140. — Simple umbel of Cherry. Stalked flowers aridug 
from a common point • 
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in which the aids elongates and the lower flowers are 
first expanded— 4he others being developed in regular 
succession from below upwards. In fig. 138 there 
is another form of indefinite inflorescence, in which the 
flTifl is shortened and the outer flowers expand first, 
while the inner ones expand in succession from without 
inwards towards the centre — i,e. centripetally. 

Certain kinds of inflorescence have received names 
which are much used in the description of plants, and 



which it is necessary to explain. Numerous stalked 
flowers placed alternately on a common floral axis con- 
stitute a raceme, as in the currant (fig. 139). A similar 
arrangement, in which the flowers have no stalks, is a 
as in common verbena (fig. .137). When the 
floral axis is shortened, and numerous stalked flowers 
come o|f &om the end of a common peduncle, like the 
radii of a circle, an umbel is foraied (fig. 140). The 
umbel is often compound — that is, there is a second 

Fig. 141. — Compound umbel of Common Dill. One . primary 
umbel and numerous secondary umbels* 
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umbel formed at the end of each of the stalks (pedicels) 
coming from the common peduncle, as in many umbel- 
liferous plants (hg. 141). When flowers arise from the 
end of the common peduncle and have no stalks, but 
are sessile, then a head is formed, as in the dandelion, 
daisy, marigold (fig. 128, p. 89), and thistle (fig. 142). 

A variety of raceme called a corymb is produced by 
the lower flowers having longer stalks than the upper 



Fig. 142. 

ones on the axis, so that all the flowers are nearly on a 
level at the summit. The spike, when the axis is 
fleshy and all the flowers are enclosed in a sheathing . 
bract (spathe), is called a spadixy as in cuckoo-pint and 
palms ; and when the flowers are covered by scaly bracts, 
as in the willow, hazel, beech, and walnut (fig. 129, p. 
89), the name catkth, is applied. . 

Fig. 142.-^Head of flowers of Scotcli Thistle. Pedunole, a, 
flattened out at the end and bearing numerous flowers, c. Bracts, 
b, surrounding the flowers in the form of an involucre. 
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In tiie deteiminate infloiescence, -when there ate 
numeroos floral axes arising from a common point 



Fig. 144. 


and assuming umbellate or corymbose forms, a cyme 
is produced, as in th6 elder and cbickweed (fig. 143). 

Fig. 143.-^Inilorescence of the Mouse-ear Chickweed. First axis 
ends in a single flower a, which opens first. Tliis axis bears two 
bracts each of wliich gives origin to a secondary axis, each ending 
in a single flower and bearing two bracts c e, which in their tuin 
give li^ to tertiary one-flowered axes. There are thus one primary 
flower, two secondary, four tertiary, eight quaternary, and so on. 

Fig. 144.— Scorpioid cymes of Forget-me-not (Myoaotis palus- 
tria). The floral axis arises from a leaf c, md ends in a solitary 
flower a. From this axis proceed in a foikii|g (dichotomous) man- 
ner scorpioid cymes bb. Each flower is the termination of a 
separate axis developed on one side only (unilateral or secund), 
and the whole inflorescence is curved lilm the shell of a snail or 
the tdl of a scorpion. 
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Ococisionalljr this form of inflorescence assumes a curved 
appearance like a scorpion’s tail, and is called acorpvinddy 
as in forget-me-not, which on that account receives the 
name of scorpion-grass (flg. 144). 

Figs. 145, 146, and 147 show the different modes 



Fig. 147. 

of inflorescence. Fig. 145 shows indefinite inflores- 
cence, in which the lower floret (1) expands first, and 
then the upper floret (2). Fig. 146 shows definite in- 
florescence, where the terminal floret (1) opens first, 
and then the lower floret (2). Fig. 147 shows definite 
inflorescence with numerous floral axes. The first floral 
axis bears a flower (1), which opens first j then come 
off two floral axes (2 2), the flowers of which expand 
next ; then each of these gives off two floral axes (3 3, 
.3 3), which expand third in order, and so on. 

Figs. 145, 146, 147.— Forms of mdefinite and d^Qnite inflorasconce* 
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. ‘ : QUESTIONS. 

1. What ai« the organs of reproduction in flowering 
plants ? 

• 2. What is meant hy phanerogamous plants ? 

3. What is meant by cryptogamous plants ? 

4. What is the meaning of inflorescence ? 

. 6, What are bracts ? 

6. Mention some of the forms which bracts assume. 

7. Describe indefinite inflorescence. 

8. What is meant by the centripetal expansion of 
flowers? 

9. Describe definite inflorescence. 

10. What is meant by the centrifugal expansion of 
flowers ? 

1 1. What kind of bracts occur In palms ? 

12. What are glumes ? 

• 13. What arrangement of bracts is seen in the dande- 

lion and the daisy ? 

14. What is meant by the term involucre ? 

1 5. What is a peduncle ? 

16. What is' meant by the receptacle of the flowers ? 

17. What kind of flower-stalk occurs in the butchers- 
broom ? 

18; Describe the peduncle of the cashew and of the fig. 

19. Describe a raceme and a corymb, and give .an 
example of each. 

20. Describe an umbel, and give an example. 

21. Describe a head of flowers, and give an example. 

‘ 22. Describe a spike and a spadix, and give an example 

of each. 

23. Describe a catkin, and give an example. 

24. What is’meant by a cyme ? 

25. Describe scOrpipidal inflorescence^ and give ah 

example. ■ 
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11. — ^Thb Flower and its Parts. 

Floral Symmetry . — The parts of the flower are 
usually arranged in four series, or whorls — that is to 
say, in four sets of leaves or modifled leaves arranged 
in alternating rows, — 1. The calyi, 2. the corolla, 3. 
the stamens, 4. the pistil. These parts are seen in 
figs. 148 and 149, in which c is the calyx, ^ the corolla, 
8 the stamens, and h the pistil. In fig. 148 the differ- 



ent series of the flowers are complete ; in fig. 149 the 
calyx and corolla are removed. These parts are looked 
upon as leaves altered to suit the particular func- 
tions which each row performs, and sometimes ap- 
pear in the form of true leaves without any marked 
modification. The inner two of the series are essen- 
tially connected with the production of seed, and are 

Fig. 148. — Flower of Common Wallflow^. a The flower-stiBilk, 
c the calyx, p the corolla, s the stamens. 

Fig. 1 49.. — Same flower with calyx and corolla removed. Btainen 
a, pistil h — its upper part called the stigma — f the receptacle to 
which the parts of the flower are attached, g a small gland at ihe 
hase of , the stamen. ; . . : 
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called essential organs (%. 149). The outer two are 
protective and nutritive organs, and t^te called floral 
envelopes. When flowers become double, the stamens 
and pistil are more or less completely changed into 
parts resembling the outer series, and when the altera- 
tion is complete no seed is produced. In the eyes of a 
florist the more perfect the change the finer is the flower ; 
whUe the botanist looks upon such flowers as monstrous, 
and imperfect as regards the function of reproduction. 
Double flowers, such as the camellia, often show well 
the spiral arrangement and alternation of the parts. 

The parts of each series or whorl are arranged like 
leaves on the principle of alternation, and there is an 
evident symmetry as regards the number of the parts, 
* The numbers which generally prevail in the flower are 
2, 3, and 5, or multiples of them. Thus, if a flower 
has 5 parts of the calyx, it has usually 5 of the corolla 
alternating with them ; 10, or 20 stamens ; and 5, 

or some multiple of 5, in the parts of the pistil. So 
also with those flowers which have 2 or 3 parts in the 
calyx. In fig. 150 a diagram is given showing the al- 
ternation of the 5 parts of each whorl of the flower. 
It is worthy of notice that flowers exhibiting 2 or 5, or 
.multiples of these numbers, in their whorls, usually 
belong to plants having two seed-lobes or cotyledons, 
and which, when they form permanent woody stems, 
exhibit distinct zones or circles, and are exogenous ; 
while flowers having 3, or a multiple of 3, in their 
whorls, present only one seed-lobe, and when they form 
perhiianent woody stems exhibit no d^tinct zones or 
circles, §nd are endogenous. The number 2, or a mul- 
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tiple of it^ is seen also in the parts of fructificatioxi of 
flowerless plants* which have no seed-lobes, such as 
ferns, mosses, and seaweeds. The processes which pro- 
ject from the urn-like cases of mosses are. arranged in the 
series 4, 8, 12, 16, 32, 64, etc. The parts of fructification 
of scale-mosses (Jungermamiia^ are in fours, as also the 
germs of some seaweeds. In general the numbers 2, 3, 
and 5 prevail, with their multiples, and we have thus 
the leaf-series 2, 3, 5, 8, as mentioned at page 58. 




The parts forming the individual flower are arranged 
in' a whorled manner, but in reality each whorl is a 
complete spiral cycle, the coloured leaves pf which 
are placed closely together. Each separate whorl, or* 
whorled cycle, alternates with that next to it. The 

Pig. ' 160. — Diagram to show the arrangement of the parts of 
the flower. There are four whorls, each consisting of five parts, 
which alternate with those next them. 

Fig. 161. — Irregular gamopetalous wheel-like corolla of Speed- 
well ( Veronica). The irregularity consists in the different sizes of 
the lobes of the corolla, especially the lower lobe I, whichis muoh 
smaller than the rest. The stamens are two, and the style one; so 
that the flower is Diandrous and Monogynous. 

Fig. 152. — Irregular gamopetalous labiate corolla of the Dead- 
nettle {Lamium album). The upper lip, m, is composed of two 
petals united, the lower lip, 1, of tliree. Between the two lips (labia) 
there is a gap (hiatus). The throat is .the part where the tuba and 
the labiate limb join. On account of the arching of tho upper Up 
this corolla is called rilMrent^ ^ 
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arrangement of the parts of tlie flower of a plant does not 
always correspond with that observed in the leaves. Thus 
in the Iris the leaves of the creeping stem have a diver- 
gence of i, while in the flower the number is f . In Gen- 
tianella the leaves are in pairs at right angles to each other, 
while the floral leaves have a divergence of There is 
sometimes adiflerence also in the numbers expressing the 
divergence of the different whorls of the same flower. 

. There is frequently an interference with the law of 
symmetry in the flower by adhesion, by abortion, or by 
non-development of parts. The symmetry of a flower 
must be viewed to a certain degree independently of its 
regularity or irregularity of form. Symmetry has re- 
ference to number and arrangement of parts, regularity 
to size and appearance. A flower may be irregular m 
its form, and yet its parts may be symmetrical. Thus 
the common veronica or speedwell (fig. 151) is irregular 
in its corolla, some parts being larger than others, yet 
the number 2 prevails in the flower — viz, four parts of 
the calyx, 4 of the corolla, 2 stamens, and 2 parts of the 
. pistil. We often notice, however, that any cause which 
gives rise to want of symmetry also causes irregularity in 
form. By cohesions of various kinds there appears to be 
sometimes an interference with the proper number of 
parts in a whorl. Thus, in labiate or lipped plants there 
are two lips of the corolla, andijhus apparently only two 
parts, but in reality there are flvoj of which two cohere to 
fom the upper lip, and three the lower (fig. 152). In 
slipperwprt {Cypripedium) there are two in place of three 
pa?^ of the calyx, in consequence of the cohesion of 
two. JN'on^ is a constant cause of want of 
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symmetiy. The corolla is sometimes absent, and then 



Fig. 153. Fig- 1S4. 

the flower has only one covering, and is called mono- 
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Fig. 156. 


cUlaniydeous (fig. 1 53). In such a case the stamens are 

Fig, 153. — Flower of Pellitory (Parutaria officinalis). It con- 
tains four stamens, the filaments of which are incurved in the early 
state, and idtimately bend back with elastic force, so as to scatter 
the pollen, s. There are four divisions of the perianth, or floral en- 
velope, c. The flower is monochlaraydeous. The rudiment of a 
pistil is ‘.seen in the centre. 

Fig. 164.^Flower of Euphorbia. The whole flower consists of 
a stamen, d, supported on a peduncle to which it is unitcMl by an 
articulation at a. The flower is naked (achlomydeous). In some 
Euphorbias a perianth, or floral envelope, appears at. the joint. 

Fig. 156. -^taminate or staminiferous flower of Mulberry (Moras 
nigra) f showing a four-partit^ calyx, and four stamens with long 
filaments and two-lobed anthers. The flower is monochlamydeousj 
from absence of the corolla, and the stamens are opposite the seg- 
ments of the perianth on account of the suppression of the coroUine 
whorl. 

Fig. 166^— Pistillate or pistilliferous flower of the Nettle 
consisting of a two-leaved perigone, or floral envelope^!?,; 
with a single pistil. The pistil consists of an ovary, and js seskie . 
tufted stigma, s. • 
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pl^ed opposite to the parts of the whorl next them, in 
place of being alternate. A scale or scales may occupy 
the place of calyx and corolla ; and sometimes there is a 
complete want of both these parts (fig. 154). In a per- 
fect flower stamens and pistil are present, but if these 
organs are in separate flowers, we have a flower bearing 
stamens and no pistil, and called staminate, as in fig. 155, 
or a flower bearing a pistil and no stamens, and called 
pistillate (fig. 156). 

These varieties may be represented thus— the line 
( — ) indicating the presence of a part, while the letter 
0 marks its absence : — 

1. Perfect flower, with five parts in each whorl (pentamerons 
symmetry) — Diehlamydeous. 

. Calyx (5 sepals) ^ — — — — 

Corolla (6 petals) . — — — — 

Stamens (five) — — — — 

. Pistil (5 carpels) — — — — 

2. Pentamerons flower, having no corolla — Monochlamydeous. 
Calyx, — — — — — 

Corolla, 0 0 0 0 0 

' Stamens, — — — — . — 

Pistil, — — — — — 

3. Pentamerons flower, with no floral envelopes — ^Achlamydeons. 

Calyx, ,0 0 , 0 0 0 

• Corolla, 0 0 0 0 0 

Stamens, — — — — — 

Pistil, t — — 

4. Pentamerons flower, having stamens only — Staminate ; no 
envelopes and no pistil. 

Calyx, 0 0 0 0 0 

Corollk, ' 0 0 Ov 0 0 

Stamens, — — — — — 

. • ]^ta, • 0 0 0 0 0 
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5 . Peatunerons flower, with pistil only — Pistillate 5 .no enVe- 
lopes and no stamens. 

Calyx, 0 0 0 0 0 

Corolla, 0 0 0 0 0 

'Stamens, 0*0 0 0 0 

Pistil, — — — — — . 

In many such flowers the nou-developed part re- 
quired to complete the symmetry is present in an im- , 
perfect state. Often in pistilliferous flowers of the red 
campion partially-developed stamens are seen, while in 
the staminiferous flowers an imperfect pistil is detected. 
Some cases of partial developfnent help to confirm the 
law of symmetry. Thus in Gloxinia the einvelopes are 
in five parts, but there are only four stamens. On close 
examination, however, the fifth stamen i^ seen in the 
form of a small projecting point. That this is in reality 
an abortive, stamen is proved by its occasionally becom- 
ing perfect under cultivation. Along with this per- 
fecting of the fifth stamen, the corolla also, in place of 
being irregular and inclined, becomes regular and erect. . 

The symmetry of the pistil and fruit is often inter- 
fered with. Certain parts become abortive, and some 
increase at the expense of others, especially when they 
become fleshy. Thus in the olive the symmetry is 
dimerous, or of two parts, but there is only one part in 
the ripe fruit. . In the coco-nut the symmetry is tri- 
merous, or represented by the number 3 ; in the ripe 
fruit, however, there is a single cavity and one seedj the 
other two being abortive. This abortion is proved by 
examining the shell of the coco-nut, in which there are 
three evident ridged indicating the three original pe^ 

By careful examination we can often account 
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apparent anomalies. Thus in the fumitory (fig. 131, p. 
90) there are two parts of the calyx, four of the corolla— 

• that is, two and two— and six stamens. The latter, how- 
ever, %re found to be in reality four, inasmuch as two of 
them are formed each by a split stamen. It is repre- 
sented thus — the long line indicating a complete part, 

• the short lines indicating that the part is sj)lit into two 

Calyx, 

Corolla, 1st row, — ^ 

Do., 2d row, 

Stamen, Ist row, — — — — 

Do., 2d row, — — — — 

Times of Flowering . — The flowering of plants takes 
place at different periods of the year, and thus a calendar 
.of the seasons may bo constructed. By observing the 
exact time when plants in the same garden flower in 
different years, an indication will be given of the nature 
of the season.. The mezereon and snow-drop, hepatica 
and winter aconite, put forth their flowers in February 
in this country, the primrose and croctis in March, the 
cowslip and daffodil in April, the hawthorn in May, the 
great mass of plants in May* and June, many in July 
and August, the ivy in September, the meadow-saffron 
and strawberry-tree in October and November, and the 
’Christmas rose in December. Some plants, like the daisy, 
produce their flowers throughout the whole season. 

Besides annual periods, some flowers exhibit diurnal 
periods of expansion and of closing. On this fact Lin- 
nseu^ constructed what he called a floral clock, in which 
each hour of the day was marked by the opening of 
some flower, ^While most flowers open during the 
day, there are some which expand their flowers in the 
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evening, and are called night-bloomers. To that class be- 
longs the night-flowering cereus, a kind of cactus which 
unfolds its flowers about nine or ten o'clock at night. 

The closing of flowers also follows a perio(iic£|J. law. 
Most flowers close during darkness. Some close even 
in daylight. Thus the salsafy shuts up its heads of 
flowers about mid-day, and the chicory about. four in 
the afternoon. Many flowers are affected by the nature 
of the day as regards moisture, dryness, cloudiness, or 
clearness, and are called meteoric. In cloudy and rainy 
weather the flowers of the scarlet or "pink-eyed pim- 
pernel,” called poor man's weather-glass (fig. 125, p. 87), 
remain closed. So also do the heads of flowers of the 
.daisy, dandelion, and other composite pla^te. By this 
means the essential organs of the flower are protected ' 
from injury. The direction of the flowers of some 
plants seems to be influenced by the sun's rays ; and 
the name girasole, or sunflower, was given from an im- 
pression that the heads of flowers inclined towards the 
part of the heavens where the sun was shining. This 
does not, however, appear to be the case with the sun- 
flower as grown in this country. One of the species of 
girasole is the plant called Jerusalem artichoke. The 
first part of the name is a corruption of girasole, and^ 
the latter is given from the taste of the roots being like 
that of the common artichoke. 

QUESTIONS. ^ 

1. What are the parts of the flower ? 

2. What is meant by the essential organs of the flower 1 

3. What is meant by the floral envelopes ? 

4. How do flowers become double ? 
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5. What numedcal series do the parts of the flower 
follow ? 

6. ‘What number prevails in the flowers of eiidogens 1 

7. What numbers prevail in the flowers of exogens ? - 

8. What number is conspicuous in flowerless plants ? 

9. What is meant by symmetry in flowers ? 

10. How is floral symmetry interrupted ? 

11. What is^eant by a symmetrical flower ? 

12. What is meant by an unsyinmetrical flower ? 

13. What is meant by a regular flower 'I 

14. What is meant by an irregular flower ? 

15i What is meant by a monochlamydeous flower ? 

16. What is meant by an achlamydeous flower ? 

1 7. What is meant by a staminate flower ? 

18. What is meant by a pistillate flower ? 

19. Explain the meaning of a pentamerous flower ? 

20. Explain the meaning of a trimerous flower ? 

21. How is a floral calendar formed to indicate the 
• months of the year ? 

22. How is a floral clock formed to indicate, hours of 
the day ? 

23. Give an instance of a plant expanding its flowers 
late in the evching. 

24. What is meant by meteoric flowers ? 

25. Whence does the sunflower derive its name ? 

JEstivation . — ^The arrangement of the parts of the 
flower* in the flower-bud is called aestivation, and it follows 
the same law as we have already seen to regulate the 
leaves in the leaf-bud — the parts being either applied 
’ lateraUy . to each other, or folded or rolled up in dif- 
ferent ways. Sometimes the parts overlap each other 
like the tiles of a house, at other times they are twisted 
upon each other, as in the mallow. Each flower has 
its own kind of aestivation. 

The Calyx , — ^This is the outer covering or envelope 
of the flower. It is usually of a greenish hue like 
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leaves. Sometimes, however, it is coloured, as in the 
fuchsia and Indian cress. It consists of a certain num- 
ber of parts called sepals, which are either distinct from 
each other, when the calyx is polysepalous, as in the 
common buttercup and wallflower (fig. 148, p. 100), or 
are united together more or less completely, when the 
calyx is gamosepalous, as in the harebllll, gentianella, 
dead-nettle, and campion (fig. 157). The calyx is either 
regular^ — that is, has all its parts or sepals equal, as in 
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the pimpernel (fig. 158) ; or it is irregular — that is, has 
its parts unequal, as in the dead-nettle (fig. 159), and 
in larkspur where it is spurred, and in nfpnkshood 
where it is like a hood. The calyx, in the case of the 
gooseberry, currant, cucumber, pear, apple, pomegranate, 
sunflower (fig. 160), and many other plants, forms a 
covering of the fruit, and remains attached to it when 


Fig. 157. — Gnmo-sepalous five-toothed (qiiinqiie-dentate) calyx, 
of Champion {Lychnis). 

Fig. 158. — Gamosepalous five-partite (quinque-partite) calyx of 
Pimpernel {Anagallis)^ surrounding the pistil, which is composed of 
ovary, style, and stigma. 

iHg. 159. — Bilabiate gamosepalous calyx of the Dead-nettle 
(Lamiv/m)* It is composed of two lips, the upper lip formed by 
three sepals, the lower by two. One of the upper sepals stands 
prominently out from the rest. The tube is formed by the unUed 
sepals, the part of the calyx forming the limb, and the opening 
being the faux or throat. 
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ripe. In such cases the limb of the calyx is placed 
above the ovary. In some instances the calyx falls off 

i 
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very early, as in the poppy. In some plants the calyx 
is incons{>icuous, and is reduced to a mere rini or slight 

Pig. 160. — One of the central flowers of the Sunflower {ffeli- 
arUhtts). Tlie corolla is gainopetalous, flve-toothed at the apex, 
the calyx is adherent to the fruit, and the limb of the calyx apj)ears 
above the fruit in the form of a membrane, with pointed projec- 
tions. The calyx, c, is called superior, because its free portion is 
above the fruit. Extending beyond the corolla are seen the stamens 
and pistil. 

Fig. 161. — Calyx, e, of Madder (JiuMa) adherent to the pistil, 
its limb appearing in the form of a rim. The calyx is called 
obsolete. 

Fig. 162. — Irregular gamopetalous (monopetalons) ligiilate 
flower of Ragwort {Sened^. It is a tubular floret, split down on 
one side, with the united petals forming a strap-like projection, 1. 
The lines, on the flat portion indicate the divisions of the five petals. 
From the tubular portion below, the bifid style projects slightly. 
The fruit (achsenium), a, is surmounted by hairs (pappus), which are 
the metamorphosed calycine limb. 
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proj^tiou^ to in hemlock, and in certain rhododendrons, 
and ill madder (fig. 161). In plants, such as the thistly 
and dandelion, whidi belong to the large division C^led 
composites, having numerous small flowers on a common 
head, the calyx is united to the fruit, and appears at the 
upper end of it in the form of hairs or pappus (fig. 162). 
This hairy condition of the calyx is made subservient 
to the scattering of the seed (fig. 130, p. 90), and in 
the case of thistles is the means of diffusing extensively 
these noxious weeds. 

Hie Corolla ^ — ^This is, generally speaking, the showy 



Fig. 163. Fig. 164. ^ Fig. 165. 

•5 . “ 

part of the plant, in which the gay colours of the flower 
reside. It is sometimes wanting, as in nettles, willows, 
and catkin-bearing trees, such plants having only a 
calyx or bracts covering the essential pa^s of the 
flower. When present it consists of a number of leaves 

F^. 163.^Polypetalou8 corolla of Biting Stonecrop (Sedum 
(Here), It is composed of five separate petals, and hence is penta- 
petaloiis. There are ten stamens in two rows, and five carpels. 

Fig. 164. — ^Regular gamopetalous bell-shaped (campanulate) 
corolla of HarebeU (Campanula rotuvdifolio^. It is composed: of 
five petals united. The ovary is inferior, wd is united to the (^x, 

Calyx superior (epigynous). 

Fig. 1 66. — ^Bosaceoas corolla of the Strawberry {Fmgariaves^\ 
composed of^five petals without elaws. The points of the c&lyx are 
seen alternating with the white petals . 
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called petals, which are either distinct from each other, 
-when the corolla is polypetalons, as in the buttercup, 
wallflower, cinquefoil, rose, and stonecrop (fig. 163), or 
united together in various ways, when it is gamopeta- 
lous, as in the gentian (fig. 135, p. 92), foxglove, frogs- 
mouth, dead-nettle, and harebell (fig. 164). A corolla 
is regular when its parts or petals are of equal size, as 
in the strawberry (fig. 165) ; and it is irregular when 
the petals are of unequahsize, as in speedwell and dead- 
nettle (figs. 151, 152, p. 102). Some irregular corollas, 
especially those of orchids, present curious forms, resem- 
bling insects, such as butterflies, bees, and spiders. • 

The petals are composed of. a congeries of minute 
cells, each'containing colouring matter, and delicate spirals 
mterspersed, all being covered by a thin epidermal coat 
or skin. The coloured cells are distinct from one another, 
and thus a dark colour may be at one part and a light 
colour at another. One of the most beautiful objects 
under the^mieroscope is the petal of a pelargoniqpi. 

* Petals assume various forms ; some are flat, others 
folded, or hollowed in various ways. In the carnation 
there is a long narrow portion called the claw ; in mig- 
nonette the petal is divided into segments (fig. 166) ; 
in columbine the petals are holjow, and form a long 
spur at the bade (fig. 167) ; in monkshood two of them 
are hollow and raised on long stalks (fig. 168, p ) ; they 
are, concealed under the hood-like sepal. There are 
certain forms of corolla which deserve notice. Among 
polypetalqus corollas some are regular, as the rose and 
strawberry (fig. 165); others are irregular, as^the pea. 

V In the wallflower (fig. 148, p. 100) there are four 

. I 
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petals emnged like b, cthsi and hence the corolla 
is called ciuciatei In the pea the flower is called 
papilionaceous (butterfly-like); it consists of a large 
upper enveloping petal called the standard (flg. 169), 
two side ones called wings (fig.. 170), and a boat-shaped 



body called the keel (fig. 171), formed by two cohering 
petals which enclose the essential organs. 

In orchids the flo&L envelopes are in two rows, 

166.— -Petal of Mignonette divided at the apex into nume- 
rous narrow segments. . . 

Fig. 167,— ;Hom-like hollow petal of Colunibinei 
. ' Fig. 168.^ — Two peculiar hom-like stalked petals, p, of Monks- 
hood. Below the petals are seen numerous stamens attachisd to the 
receptacle. . 

Fig. 169. — Standard (vexillum) upper petal of a papilionaceous 
flower (blossom like that of the pea). 

Fig. 170i^-0ne of the wings (al») or side petals of a papilion- 
aceous flower.. , . 

Fig. 1H.*-Keel (caiina) of papilionaceous flower. It is formed 
of two petals. * ' 
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both , coloured, each Consisting of three parts, the outer 
being the calyx, and the inner the corolla. Ope of the 
petals of the latter has usually a marked form, and is 
called the label (liJJ), (fig. 190, Z, p. 130). 

Among gamopetalous (monopetalous) corollas there 
are also regular and irregular forms. In the harebell, 
the corolla -is regular and bell-shaped (fig. 164, p. 112) ; 
the central yellow flowers in the head of the daisy are 
tubular and regular, while the outer white flowers are 
ligulate and irregular (fig. 162, p. 1 1 1). In the pimper- 
nel, the corolla is regular and wheel-shaped (fig. 125, 
p. 87); in the speedwell, irregular and wheel-shaped 
(fig. 151, p. 102). In the d.eadnettle, there is an irre- 
gular-lipped corolla (fig. 152, p. 102). 

. Appendages to the coralla are seen in the Mnges of 
the passion-flower, in the crown of the narcissus, and 
in the scales of the comfrey. 

Colours of Flowers , — The colours of flowers are 
arranged ^n two series, the yellow and the bl^. A 
'plant belonging to the yellow series may exhibit all 
the tints of white, yellow, and red, but it does not 
appear to have the power of ^ecoming blue. So also 
with a plant of the blue series ; it too may exhibit 
varying tints of white and red and blue, but generally 
tefuses to become yellow. The tulip, the dahlia, and 
the rose belong to the yellow series; and while, by 
cultivation, they exhibit innumerable changes, yet they 
have not been made blue. The common harebell be- 
longs to. the blue series, and is not seen to assume the 
yellow* Such appears to be the general law, ^although 
there are, no doubt, some apparent exceptions, especially 
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in cases (as the pansjii) 'where blue and yellow occur 
in the petals of the same dower. But it remains to be 
proved that a truly yellow petal can be changed into 
blue by the art of the gardener. . 

Blue can pass into red by means of acids, and can 
present all the colours resulting from the mixture of 
blue and red. Yellow* is capable of reddening by oxy- 
genation by the action of oxygen), and also by 
acids (as in the yellowish juice- of some cells of tbe 
leaves of red cabbage), and hence yellow flowers may 
pass to red, and present all the intermediate Shades; 
The red colour, however, of the blue and yellow series 
is not the same. That of the yellow series seems to 
be less common in leaves than in flowers ; that of the 
blue series is the reverse. The two kinds of red (one* 
belonging to the blue and the other to the yellow) are 
sometimes united in the same flower, which may thus 
I)resent every imaginable variety of colour. This, how- 
ever, i# a- rare occurrence. " 

It has been observed that the colours which unite 
in forming the white light of the sun’s ray may be 
reduced to three-r-red, yellow, and blue. These have 
been called primary colours. Each of these primaries 
requires the other two in order to form a white colour. 
Hence the latter are called complementary, being neces- 
sary to make up the complement of colours in white 
light. Thus, red has green (made up of blue und 
yellow) for its complementary colour ; blue has orange 
(made up of yellow and red) ; and yellow has purple 
(made up of red and blue). 

Dr. Dickie has devoted attention to the colour of 
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flowers, whether regular or irregular, and the follow- 
ing. is the result of his observations : — “ The primary 
colours, as red, yellow, and blue, are generally present 
in some part or other of the plant. In regular corollas 
the colour is uniformly distributed, whatever be the 
number of colours present. That is, the pieces of the 
corolla being all alike in size and form, have each an 
equal proportion of colour. In the primrose there is 
one. colour, uniformly distributed. In the Chinese 
primrose there are two, the eye or centre being yellow, 
and the margin showing the complementary colour 
purple. Each of the parts, in the latter instance, has 
an equal proportion of yellow and purple. Again, ir- 
regularity of corolla is associated with an irregular dis- 
•tribution of colour. An odd lobe or petal of such a 
corolla is often as much varied in colour as it is in form 
and size. This difference is seen in some pea-blossomed 
flowers, in the' lip of some labiate plants as galeopsis, 
and in the violet. In composite plants, as aster8,daisies, 
etc., there are two forms of corolla ; one in the centre, 
regular and of one kind of colour, and the other in the 
margin or ray, irregularly and differently coloured.”* 
Chevreul has made some interesting observations 
on the simultaneous contrast of colours. He remarked, 
that when two coloured objects, say red and green, are 
placed side by side, or so near to each other as to bo seen 
together, the quality and intensity of the separate colours 
do not appear the same as when looked at separately. 
Thus the same red object will have a different hue if 
seen side by side with a green, with a yellow, and with 
• • * M^sh and Dickie on “Typical Forms.*' 
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a blue object, and these colours will in their turn be 
modified tb the eye by their juxtaposition with red. A 
similar statement may be made as regards shades or tints 
of the same colour when placed together. 

Contrast of colour occurs according to the principle 
that every colour adds its complementary to the colours 
placed near or beside it. Thus, red causes the colours' 
near it to appear as if its complementary green were 
added to them. Green tints them with red ; blue adds 
to other colours orange ; yellow adds to them purple. 
The reason why complementary*colours, such as red and 
green, in flowers give pleasure is, because each exalts 
the other, so that the red makes green greener, and 
green makes red redder, than either would appear alone. 
The eye is gratified with the full colours in these cases,' 
not in virtue of some vague recognition of comple- 
mentaiy colours, but because by no other, arrangement 
can two colours be made to show so fully and richly.* 

OiShurs of Flotoers . — ^The fragrance and'* odours of, 
flowers reside generally in the petals. These are owing 
to volatile matters which are not easily detected, the 
subtile particles of which are diffused through the air 
in a way which eludes the researches of man. Some 
colours are associated frequently with certain kinds of 
odours. Thus dark brown flowers, such as those of 
stapelias (fig. 172), have usually very fetid ^d dis- 
agreeable odours. Hence they are called carriomflowers, 
and !are noted for attracting flies, which probably serve 
an important purpose, as will be afterwards shown, in 

* ** Edinburgh New Philosophical Journal,” New Series, vol. i. 

p, 168 . 
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the production of the seed^ Sunshine has in general 
a marked effect in developing the odours of flowers. 
Hence in those climates where the sun displays all its 
brightness, the air is perfumed with fragrant odours. In 
many cases, alternate showers and sunshine bring out par- 
ticular odours ; and in some instances the perfumes are 
intermittent, and are only given out during the night. 

The plants called triateSy or sad, by linnseus, in- 
cluding the night-smelling stock and pelargonium^ are 



Fig. 172. 


of this "nature, and so are several species of night- 
flowering cereus. The odour of the latter plants seems 
to be in a certain measure intermittent, and comes out 
in puffs every half-hour from eight in the evening till 
midnight. Morren states that on one occasion the 
flower of Cereus grandiflorus began to expand at six 
o’clobk in the evening, when the first fragrance was 
perceptible in the hothouse. A quarter of an hour 
afterwards the first puff of odour took place, after a 
rapid motion of the calyx ; at twenty-three minutes, 
past six there was another powerful emanation of frag- 

Figf 172. — ^Flower of Stapelia, having a very fetid odour, and 
hence called carrion-flower. 
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ranee ; by thirty-five minutes past six the flower was 
completely open ; at a quarter to seven the odour of the 
calyx was the strongest, but modified by the petals. 

’ • ' QUESTIONS. 

1. What is meant by oestivation ? 

2. What kind of aestivation occurs in the mallow ? 

3. What is the calyx ? Of what parts is it composed ? 

4. What is meant by a monosepalous calyx 1 

6. What is meant by a polysepalous calyx ? 

6. What is meant by a regular and an irregular calyx ? 

7. If there is only one floral «ivelope, which part does 
it represent 1 

8. What is meant by a coloured calyx ? 

9. What is meant by a pappose calyx ? In what 
plants is it observed ? 

10. What is meant by an obsolete calyx ? 

11. What is meant by an inferior, and what by a 
superior, calyx ? 

12. What is the inner floral envelope ? » 

1 3. What are petals ? 

14. When is a corolla called gamopetalous ? c. 

15. When is a corolla called polypetalous ? 

16. When the corolla is wanting, what is the flower 
called? 

17. What is meant by a regular corolla ? 

18. When is a corolla called irregular ? 

19. What is the claw of the petal ? 

20. What is meant by a spurred petal ? Give an 
example. 

21. What kind of petals are seen in monkshood ? 

22. What are the parts of a papilionaceous corolla? 
Give an example. 

23. What is meant by a cruciate corolla? GiVe an 
example. 

24. What is meant by a labiate corolla? Give an 

example. * . * 
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25. What is the part of the corolla called a label in ' 

orchids,? . 

26. Describe a ligiikte corolla, and give an example. 

27. What series of colours are met with in flowers ? 

28. To which series are the rose, and dahlia, and tulip 

referred ? * ' 

29. To which series does the harebell belong ? 

30. In what tissues is the colouring matter of the 
corolla formed ? 

31. To what are the odours of flowers due ? 

32. What kind of odour usually proceeds from browui 

flowers ? . 

The Stamens , — ^These form the third series of parts 
in the flower (fig. 150, p. 102). In fig. 173 they are 



' Fig. 173. Fig. 174, 

numerous, and surround the central pistil, which is 
longer than the stamens, like the other parts of the 
flower, they are considered as a modification of leaves. 
In double flowers they are converted into petals. They 
consist usually of two parts, a stalk or filament (fig. 
174, /) supporting two small cellular bags at the top 
(fig. 174, a), which are called the anther-lobes ; when 
there is ng stalk the anther is sessile. The anther con- 

Pig. 173. — Flower of Celandine. The calyx has fallen off, the 
four petals are seen^ numerous stamens and one pistil m the centre. 

Fig. 174. — stamen consisting of filament/, anther a, and 
poUenp, discharged from slits in the anther-lobes. . 
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tains a powder (fig. 174,^), often of a yellow colour, 
called pollen, which is essential to the production of 
perfect seed in flowering plants. At a certain period 
of growth, this powder is discharged from the anther, 
which opens by slits (fig. 174), or by hinges, as in the 
barberry and laurel, or by holes, as in the heath, rhodo- 
dendron, and potato, to allow its escape. The anther 
has two coverings, the inner of which often contains 



Fig. 176. 

elastic spirals, which seem to assist in the.opening of the 
lobes. The pollen, or the dust of flowers, when exa- 
mined by the microscope, presents multiplied forms. 
It must be applied to the pistil or central part of the 
flower, in order that the seed may be perfected. 

The position of the stamens in relation to the oyary 
requires special attention. Sometimes they are attached 
to the receptacle— 1 . 6 , the upper part of ihe flower-stalk 

Fig. 175. — End of peduncle, jp (receptacle or thalamus), bearing 
sepals e, petals p, and stamens a, all separate and all below ovary o 
(stamens bypogynous). * . . 
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— and are then placed below the ovary and free from it, 
as well as from the calyx. In that case they are called 
hypogynous, which means under the ovary (fig. 175). 

Again, the stamens are attached to the calyx to a 
greater or less extent, but free from the ovary-^e.a. not 
adhering to it — and then they are perigynous, which 
means around the ovary (fig. 176). 

A third variety is that in which the stamens appear 
above the ovary, and are called epigynous, which means 
upon the ovaiy. In this case the calyx is also adherent 
to the ovary, and its limb is epigynous (fig. 177). 




The* stamens, as regards number, heal a relation to 
the other parts of the flower. They are either equal to 
the number of parts in the calyx or corolla, or some 
multiple of them. When there is a want of cor- 
respondence as regards number, it will be found that 
this depends usually on something abnormal. Thus, 
in irregular-lipped plants (fig. 152, p. 102), there are 
five parts of the calyx and five of the corolla, but fre- 
quently only four stamens, on account of one stamen 

176. -^Figure showing two stamons «, nnited to the xsalytc, 
and thus suiTonnding the ovary, which is free in the centre (stamens 
perigynous). Petal, p. 

Fig. 177. — Figure showing two stamens placed above the ovary o, 
and therefore epigynous. Limb of calyx c, is also epigynous. 
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being undeveloped. The stamens in such cases are usually 
of different lengths — ^two being long and two short, and 
the name didynamous is given (fig. 178). In cruciform 
plants there are four long and two short stamens, and 
the name of tetradynamous is applied (fig. 149, p. 100). 
The number of the stamens is taken into account in the 
Linnscan or artificial system of classification, the Greek 
numerals being prefixed to the term andria, meaning 
stamen (see Claasifleatimy p. 195). The stamens, like the 



Fig. 178. Fig. 179. 


sepals and petals, may be either separate or united. The 
union of the stamens may take place by means either of 
their filaments or of their anthers. When the stamens 
are united by their filaments so as to form one bundle 
or brotherhood, they are called monadelphous (fig. 179) ; 
when there are two bundles, they are diadelphous, as 
in the sweet pea (fig. 180), and « in the fumitory (fig. 
131, p. 90) ; when the union takes place by the 
anthers, the stamens are syngenesious or synantherous, 
as in the dandelion, and in composite plants generally. 

Fig. 178.— Two long and two short stamens of Foxglove, ^ey 
are didynamous, and are attached to the corolla. 

Fig. 179. — Stamens of Mallow united by their fQaments so as 
to form one bundle (monadelphous). The anthers are not united. 
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(fig. 181) ; when the stamen and pistil are united on a 
colump, the term gynandrous is applied, as ip orchids 
(fig. 190, p. 130), and in hirthwort (fig. 182). The 
filament is sometimes long and thread-like, as in grasses 
(fig. 183) ; at other times it is short and thick ; at 
times it is elastic, and at times irritable. 



Fig. 181. Fig. 182. 


The pollen consists of minute cells contained in the 
anther-cases. Sometimes they are united in fours, at 
•other times in masses, as in orchids (fig. 184). The 

Fig. 180; — Stamens of Sweet Pea united in two bundles by 
their iUsments. In this case there are ten stamens, nine of wiiich 
are united, and one is free. They are diadelphous. 

Fig, 181.— Tubular corolla of Ragwort {Smedo Jacohcea) show- 
ing united anthers surrounding the style (syngenesious or synan- 
therous).- The single-seeded ovary, o, is surmounted by the hairy 
limb of the calyx (pappus). Bifid stigma a. 

Fig. 182. — The stamens and pistil a; the former placed below 
the of the latter called the stigma ; d, the inferior ovary, 
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pollen must be applied to the pistil in order to insure 
the formation of perfect seed containing the embryo 
plant inside. 

Many beautiful arrangements are made for insuring 
the proper application of the pollen to the upper part 
of the pistil. The agency of winds, of elasticity, pf 
irritability, and of insects, is called into operation in 



Fig. 183. Fig. 184. 


different cases. In the common nettle, and in the 
pellitory of the wall, the stamens have elastic filaments, 
which are at first bent down, so as. to be covered by 
the calyx; but when the pollen is ripe, the filaments 
jerk out (fig. 153, p. 104), and scatter the powder on the 
pistils, which, in the nettle, occupy separate flowers. 
In the common barberry (fig. 185), the lower part of 
the filament is Very irritable; and whenever it is 

Fig. 183j — Spikelet of Wheat consisting of two bracts (glumes) 
a a, enclosd^g several flowers hh; stamens s, have long slender fila- 
ments which are attached to a part of the anther. The latter are 
very movahle or versatile. 

Fig. 184. — Pollinia, or pollen-masses, separated flrom the point 
above the stigma, with viscid matter attaching them at the base. 
The poUen-masses py are supported on stalks. These masses are 
easily detached by &e agency of insects. 
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touched, the stamen moves forward to the pistil. In 



Fig. ISO: Fig. 187. 


Fig. 185. — Flower of the Barberry {Berberis vulgaris), the 
.stamens of which are irritable, and move towards the pistil when 
touched at their base. The irritability resembles that of the 
Sensitive’plant, and is ascribed to turgescence in certain cells, and 
contraction in others. 

Fig. 186. — Stylewort of Australia {Stylidium), with two of the 
flowers separated, showing the irritable column composed of stamens 
and pistil united. This column, when the pollen is ripej jerks from 
one side pf the flower to another, and thus scatters the ppwder. 

Fig. 187. — ^Hazel (G&rylus Avdlana), showing two kinds of 
flowers which are produced before the leaves. 6 The catkins 
bearing stamens. 9 The pistil-beaxing flowers which produce nuts. 
The'^ant is termed monoecious. 
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the stylewort {Btylidiurnj^ as seen in fig. 186, the 
stamj^ns and pistil are united ifi, a common column 
which projects from the flower ; this coluirih is very 
irritable at the angle where it leaves the flower, aiidj' 
when touched, it passes with a sudden jerk from one 



Fig. 188. Fig. 189. 


side to the other, and thus scatters the pollen. In the 
hazel, where the pollen is in one set of flowers (fig. 
187 S), and the pistil in another (fig. 187 9), the 
leaves might interfere with the application of the^ 
pollen, and therefore -they are not produced until it 
has beenwscattered. In the case of firs, which have 
their fleers arranged as in the hazel, stamens at one 

fig. 1^8. — Willow, with a catkin or cluster of Btamenobeariog 
flowers. 

Fig. 189. — Willow, with a cluster of pistil-bearidg flowers. The 
Willow is dioecious. 



POLLEN. 


129 


place and fruit-bearing cones at another, the evergreen 
leaves are very narrow, and the quantity of polleu pro- 
duced ii^very great, so as to insiure its reaching the 
young cones. ^ In America, and also in Scotland, the 
pollen from pine-forests is sometimes carried to a great 
distance by winds, and falls in showers like sulphur. 
In the month of May, im this country, a visit to a 
forest of firs will show the large quantity of yellow 
potvidilt whie^ falls from the trees when shaken. In 
the case of cucumbers in a glass frame, where the wind 
cannot reach the flowers, the gardener takes the pollen 
from the one kind of flower and applies it to the other, 
in order that he may get fruit In willpws, the stamen- 
bearing and pistil-bearing flowers are on separate trees. 
In fig. 188 is seen a collection or catkin of flowers with 
stamens only; in flg. 189, another collection with 
pistils only. The two kinds of trees grow near each 
other, and the wind wafts the powder from the one to 
the other. In Vallianeria spiralis (fig. 15, p. 9), an 
aquatic plant, which grows in ditches in the south of 
Europe, the stamen-bearing plant (fig. 15 a) at a certain 
period is detached 'from the mud and rises to the sur- 
face of the water, where it floats and ripens its pollen. 
Soon after, the pistil-bearing plant (fig. 15 6), which 
still remains growing in the mud, sends up a long spiral 
stalk, as seen in the figure ; this bears the flower to the 
surface, where it expands. The pollen is tlen wafted 
to it by the wind; thus the seed is perfected, and finally 
deposited in the mud. 

Insects are often, in the arrangements of Providence, 
made the means of securing the production of seed. 

K 
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How often do we see the bees collecting the yellow 
powder of plants, and, while providing, for the food of 
their young, aiding in dispersing the polleii ! The 
honey-like matter secreted by flowers ^renders them 
attractive to insects. It is produced by an alteration in 



Fig. 191. ' 

the starch, which occupies cells at the bottom of the 
flowers. In the common crown-imperial of the gardens 
there is a distinct depression at the base of each petal, 
in which the honey or nectar is secreted. In common 

Pig. 190. — Flower of an Orchid, consisting of three outer divi- 
sions of the periantli, s s s, three inner, pplf the latter I being the 
labellum, which is placed below by the twisting of the ovary ; e, 
the spur of the labellum ; o, the twisted ovary ; st, the stigma ; a, 
the anther containing masses of pollen. 

Fig. 191. — Flower of Birthwort {Aristolochia Clemq.titis) show- 
ing the long tube and the expanding upper part of the flower. The 
seed-vessel, o, containing seed, is ^low the flower. The tube is 
lined with hairs which point downwards. An insect entering the 
flower easily passes the hairs, but in attempting to come out it Is 
stopped. 
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buttercups, a small scale at the bottom of each of the 
yellow petals points out the seat of the sugar-like 
matter. The peculiar insect-like forms of the flowers of 
orchids (fig. 190), such as the bee-orchis, the fly-orchis, 
the spider-orchis, the butterfly-oncidium, seem to be 
connected with the attraction of insects to the flowers, 
in order to apply the pollen, which in these plants is 
singular, both as regards its situation and nature. The 
little masses of pollen in the orchids adhere to the 
proboscis of the insect ; thus, as the insect travels from 
flower to flower, the pollen is applied to the stigma. 
In the birthwort {AristolocJiia)^ the flower consists of 
a long tube (fig. 191), at the lower part of which the 
stamens and pistil are situated. The position of the 
fitamens and pistil is seen in fig. 182, p. 125, where 
the floral envelope is removed. This plant is fre- 
quented, in its native country, by an insect which 
enters the tubq easily and gets into the little chamber. 
On attempting to get out, it is prevented by a series of 
'hairs in the tube, which all point downwards. It 
therefore moves about in the cavity, and thus distributes 
the pollen on the pistil, soon after which the flower 
withers and the insect escapes. 

QUESTIONS. 

1. Which whorl of the flower is formed by the staiiieiis 

2. What relation do the stamens bear to the floral 
envelopes as regards their position ? 

3. In double flowers, what change do the stamens un- 
dergo ? 

4. What are the parts of a stamen ? 

5. What is meant by a sessile anther ? 
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6. How many coverings has the anther ? 

7. What is pollen, and where is it found 7 

8. What is meant by didynamous stamens 7 

9. What is meant by tetradynamous stamens 7 

10. When are the stamens said to be hypogynous 7 

11. When are the stamens said to be perigynous 7 

12. When are the stamens said to be epigynous 7 

13. Describe moiiadelphous stamens, and give an 
example. 

14. Describe diadelphous stamens, and give an ex- 
ample. 

15. Describe syngenesious stamens, and mention some 
plants in which they occur. 

16. Describe gynandrous stamens, and give an example. 

17. Describe the filaments in the stamens of grasses 7 

18. What is meant by pollen-masses 7 

10. What is the use of the pollen 7 

20. How is it scattered 7 

21. What kind of stamens are found in the nettle 7 

22. What kind of stamens occur in the barberry 7 

23. Mention a special provision made for the application 
of the pollen to the pistil in the hazel. 

24. What is the origin of the so-called sulphur-showers 7 

25. What is meant by a moncscious plant 7 ' 

26. What is meant by a dioecious plant 7 

27. What agents are employed in scattering poUen 7 

The Pistil,-— is the central part of the flower 
(fig. frontispiece), and is composed of one or more 
leaves called carpels (figs. 192, 193). It may consist of a 
single carpel, as in the pea and vetch (fig. 211, p. 143); 
or"bf several, either distinct from each other, as in the 
paeony and stonecrop (fig., 196, p. 134), or combined, 
as in the tulip and lily (fig. 197, p. 134). In the 
double-flowering cherry, in which the stamens are 
changed into petals, the pistil appears in the form of a 
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flat leaf, as represented in flg. 192, or of a folded leaf, 
as in fig. 193. The plant does not produce fruit, on 
account of the change which has taken place in the 
stamens and pistil. The parts of the pistil are seen in 
fig. 194. The rounded top, is the stigma, the stalk 
below, is the style, and the lower swollen portion, o, is 
the ovary, containing the cellular ovules which become 
seeds. These parts are better seen in fig. 195, which 



Fig. 192! Fig. 193. Fig. 194. Fig. 195. 


represents the pistil of the apricot-tree laid open lon- 
gitudinally, 8t being the stigma, tc the style, with a 
canal through it, me, and end, the three coverings of 
the ovary, and ov the young seed. When there is no 
.style the stigma is sessile. 

The carpels or leaves forming the pistil are some- 
times separate, as in the common stonecrop (dg. 106), 

Figs. 192 and 193. — The pistil of the double-flowering cherry, 
composed of a leaf {carpd) either flat, as in 192, or folded, as in 193. 

Fig. 194. — ^Pistil of Primrose {Primula), showing the ovary, o, 
below, the stigma, a, at the top, and the style, at, between them. 

Fig. 195. — ^Pistil of Apricot-tree cut vertically, cp, Outer coat 
of ov^, me, middle coat, end, imet coat, which becomes the stone, 
(n7,^ybung se^ or kernel, te, style and its canal, ai, stigma. 



134 


PISTIL. 


at other times they are united together, as in the^ 
primrose (hg. 194), so as to appear one. The num- 
ber of carpels forming such a compound pistil can 
usually be ascertained by cutting across the ovary, as 
in fig. 197, where it is seen that there are three cavi- 
ties containing seeds, and consequently three carpels. 
The ovules or young seeds are generally attached to 
the edge of the carpels ; but sometimes they are united 



Fig. 19a. Fig. 197. Fig. 198. 


to the axis, as in the primrose, without any apparent 
attachment to the carpels. In certain cases, as in 
cycads and conifers, the ovules are not cdVered by . 

Fig. 196. — Pistil of Stoxiecrop (Sedum). It consists of five 
carpels, Avliicli are separate and distinct. Each carpel has its own 
ovary, stylo, and stignia. The pistil is apocarpous — i.e. is composed 
of separated carpels. At the base of the carpels are seen scales, 
which are called the nectary. Below the pistil is the part of the 
receptacle to which the other whorls were attached. 

Fig. 197 . — Ovary or lower part of the pistil of the Lily 
cut transversely^ There are three loculaments, or cavities con-' 
taining seeds, indicating the union of three carpels, and the ovary 
is said to be syiicarpous and trilocular. The divisions in the ovary, 
called septa or dissepiments, are formed by the sides of the carpel- 
lary leaves. Each septum is double, and the number of septa cor- 
responds with the number of the carpels. The ovules are placed 
collaterally, '^in pairs, in each loculament, and are attached to a 
central point called placenta. 

Fig. 198. — Pistil formed of five carpels. Section of ovary 
showing five partitions and five cavities, with ovules attached to 
central placenta. • ’ • . 
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carpels, and are called naked, because the pollen is at 
once applied to them without the intervention of a 
stigma. The nhmber of styles in a flower was used by 
linnaeus as a mode of disting^jishing certain divisions 
in his system called orders ; the Greek numerals being 
prefixed to the term gyniay meaning pistil. (See p., 197 .) 

Divisions are formed in ovaries by the folded edges 



Fig. 200. Fig. 201. 


of the contiguous carpels uniting with each other, and 
at the same time attached to the central axis where the 
placentas and ovules are situated. In fig. 197 there 
are three carpels, the edges of which meet together, and 
thus three partitions are produced, and three cavities 
containing ovules. In fig. 198 there are five carpels 
united. Sometimes the partitions do not extend to 

Fig. 199. — Ovary of an Orchid cut transversely, showing three 
pallet^ placentas bearing ovules. 

. Pig. 200.— Section of ovary formed by five carpels, with the 
ovules attached to the points where the carpels meet each other. 
The placentas are five and parietal. 

^. 201. — Pistil of Rose-campion cut vertically, showing a free 
plohenta in the axis bearing numerous ovules. 
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the centre, and then there is only one cavity in the 
ovary, although there may be several carpels, as in the 
poppy, and the mignonette and orchis (fig. 199). In 
fig. 200, the ovules appear on the walls of the ovary. 



Fig. 203. Fig. 204. . 


Occasionally no partitions whatever are seen, and the 
ovules are attached to the central axis directly, as in 
the red campion (fig. 201), and in the primrose (fig. 202). 
Spurious partitions are formed in ovaries by the folding 

Fig. 202. — Ovary formed of five carpels, and the ovules attached 
to a free placenta in the centre. There are no partitions. 

Fig. 203. — ^Pistil of Wallflower, consisting of two carpels, be* 
tween which is a spurious partition cl, formed by the placentas en ; 
ovules ov, style s. 

Fig. 204.-r-Pistil of the Lady’s-mantle (AlchemiUa), with* the 
style 8, arising from the apparent base of the ovary. 
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in of the back or front of the carpels, as in some papi- 
lionaceous flowers and in flax, or by a prolongation of 
the placentas, as in wallflower (fig. 203, d). Carpels 
are sometimes united together completely, at other times 
the ovaries only are combined, while the style and 
stigma are separate (fig. 201), or the ovaries and styles 
are united to each other and the stigmas are free, or 
the styles are united while the ovaries are free, as in 
the dead-nettle and comfrey. The number of carpels 
forming a pistil may be determined by the number of 
styles, or by the divisions seen on cutting across the 
ovary. The style is usually at the apex of the ovary, 
but sometimes it arises below the apparent apex, as in 
lady's-mantle (fig. 204). The stigma is a viscid spot at 
the upper end of the style, or, if there is no style, on 
the top of the ovary, formed of loose cells, to which 
the pollen is applied after the bursting of the anthers. 
The stigma ihay either be simple (fig. 194, s) or divided 
(fig. 18T, 8y p. 125). 

Ovule , — The oVule is the young seed contained in 
the ovary. There may be one or more ovules. Each 
ovule is covered by at least two coats, which inclose a 
central part in which the young plant is formed. At 
, one part of the ovule there is a small opening. In 
fig. 205 an ovule is represented with its two coverings, 
inside which is the central nucleus n, the sac 8 con- 
taining a minute cell c, in which the embryo e is seen 
near the opening at the top. The nourishing vessels 
^nter the ovule at ch. Sometimes the ovule, in place of 
being straight, is turned rouifd, as in fig. 206, where the 
opening /is represented as pointing downwards. 
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Functions of the Stamms and Pistil , — ^These are 
called essential organs of the flower, inasmuch as they 
are required for producing perfect seed containing in 
its interior tho young (embryo) plant. Hence a flower 
having stamens and pistil is called perfect. A flower 
having stamens only is staminate ; one having pistil 
only is pistillate. When the stamens are in one 
flower, and the pistil in another flower on the same 
plant, it is called monoecious ; when the staminate and 
pistillate flowers are on different plants, the term 
dioecious is applied. These occurrences are marked by 
the following symbols — 

^ Perfect flower, having both stamens and pistil. 

6 Staminiferous, staminate, or sterile flower. 

9 Pistilliferons, pistillate, or fertQe' flower. 

6 9 Having separate staminate and pistillate flowers. 

S — 9 Monoecious species, having staminate and pistillate 
flowers on tho same plant. 

5 : 9 Dioecious species, having staminate and pistillate flowers 
on different plants. » 

The pollen is contained in the anther, from which it 
is discharged in the modes already mentioned (page 
122 ). 

The grains of pollen, when discharged from the 
anther, are applied to the stigma (fig. 207, st), and after^ 
lying on it. for a certain length of time, they send out 
tube-like prolongations, as shown m fig. 207, where two 
pollen-grains are seen lying on the top of the stigma, 
which is split open, along with part of the style, to 
show the pollen-tubes. In fig. 208 there is a magnified 
representation of a pollen-grain giving out three tubes, 
one of which is considerably elongated. These tubes 
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reach the ovule in the ovary (fig. 209, ve), and by this 
means the embryo plant is formed (fig. 210, e). After 
this process has taken place, the pistil undergoes marked • 




changes, by which it becomes the fruit containing th® 
seed, in the interior of which is the young germ. 

Fig. 205. — OrtbotropoTis or straight ovule of Polygonum, show- 
ing the coats of the o’^e on the outside of the nucleus n, the 
embryo-sac s, containing a vesicle c, in which the rudimentary 
embryo e is seen close to* the foramen or microiiyle. ' The chaloza 
is marked ch. 

Fig. 206. — ^Anatropous or inverted ovule of Dandelion (Lem- 
todmi TaraaxLcum), showing the coats of the ovule surrounding 
the nucleus n, which is inverted, so that its base ch, where the 
chalaza exists, is removed from the base or hilum of the ovule h, 
while the foramen / is near the base. The connection between the 
base of the ovule and the base of the nucleus at ch is kept up by 
means of the raphe or cord r. 

Fig. 207. — ^The style and stigma laid open. Two grains of 
pollen on the top of the stigma, protruding tubes which descend 
through the stigma and style to the ovules. 
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By taking the pollen of one ^ecies of plant and 
applying it to a different species, seeds are produced, 

8tig 

P / 



Fig. SOS. Fig. 209. Fig. 210. 


which, when they sprout, give origin to what are called 
hybrids. This effect is probably referred to in Deiit. 

Fig. 208. — Pollen grain, much magnified, showing three points 
where tubes come out. One of the tubes is considerably elongated. 

Fig. 209. — Pistil and pollen of Polygonum. 1. Stigma, atigt 
with pollen-grains, p, adherent to it, sending tubes, 2^, down the 
conducting tissue of the style, the ovary, o, containing the 
ovule with its covering and central cellular mass or nucleus, w, en- 
closing a rudimentary embryo-sac, ve, in which ultimately the em- 
bryo is developed. The base of the ovule which was attached to 
the placenta is marked ch, 2. Pollen-grain, p, separated ; 
tube, ip. . 

Fig. 210.— Section of the ovule of (Enothera, showing the pollen- 
tube, i, with its enlarged extremity applied to the end of the 
embryo-sac, and introverting it slightly ; the germinal vesicle in 
the sac has been fertilised, and has divided into two parts, the 
upper part forming a suspensor, s, and the lower dividing into four 
parts, which form a globular mass — the rudimentary embryo, 'sur- 
rounded by cells, e. . ' ’ • 
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xxii. 9, where, it is said, ** Thou shalt not sow thy 
vineyard with divers seeds, lest the fruit of thy seed 
which thou hast sown, and the fruit of thy vineyard be 
defiled.” Gardeners constantly attempt to produce 
hybrids, and thus to improve the quality of flowers or 
fruit, and to get hardy varieties. By inoculating dif- 
ferent species of rhododendron, gardeners have secured 
the fine colour of the Nepal rhododendron with tlio 
hardiness of the American species. A vast number of 
florist’s flowers, as Varieties of pelargonium, fuchsia, 
and calceolaria, are hybrids. . 

QUESTIONS. 

1. Where is the pistil situated ? 

* 2. Of what parts is it composed ? 

3. What is meant by a carpel ? 

4. What is the ovary, and what does it contain ? 

5. What is meant by a sessile stigma ? * 

6. What is meant by an apocarpous pistil ? 

7. What is meant by a syncarpous pistil ? 

8. What is meant by naked ovules ? Give an example. 

9. How are divisions (septa) in ovaries formed ? 

10. What is meant by a placenta ? 

1 1 . What is meant by a central placenta ? 

12. What is meant by a parietal placenta ? 

13. How are spurious divisions in ovaries formed ? 

14. Explain the diflerent modes in which carpels are 
united together. 

15. How can the number of carpels forming a pistil be 
ascertained ? 

16. What is the ovule? 

17. How many coverings exist in the ovule 1 

18. Is there any openii^ in the ovule ? 

10; Describe the position of the opening in an erect 
and in an inverted ovule. 

20. What are the functions of the stamens and pistil V 
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21. What ia meant by a staminate, and what by a pistil- 
late, flower ? 

22. Explain the* symbols ^ » 6 > 9. 

23. Explain the symbols 6 — 9 and 6!9t 

24. Explain the terms monoecious and dioecious. 

25. To what part of the pistil is the pollen applied ? 

26. Describe the changes which take place on pollen 

after its application to the pistil. > 

27. What is meant by the germ-vescicle in the ovule ? 

28. What is meant by a hybrid plant ? 

The Frmt--r-The term fruit, in botanical language, 
is applied to the mature perfect pistil, whether dry 
or succulent. When we examine fruits, however, we 
find them formed in various ways. Some, as the pea,ct 
bean, and vetch (fig. 211),. consist solely of the |)fetil^ 
slightly altered ; others, as the grape, peach, %nd pltim, 
consist of the pistil, changed so as to assume a succu- 
lent* character, either entirely, as in the grape, or par- 
tially, as in stone-fruit ; others, as ^he gooseberry, 
currant (fig. 212), apple, pear, pomegranate, are formed 
not only by the pistil, but also by the calyx, a portion 
of which is seen at the top of these fruits in the form 
of brow'nish scales. The hazel-Mitt(fig. 213) consists 
of the pistil developed into the nut, with a covering 
of bracts, called the husk, outside; and the fruit of 
the oak (the acorn) has a cup-like covering formed 
' by bracts (fig. 214, a). In the strawberry (fig. 215) the 
succulent part, which is eaten, consists of the enlai^ged 
growing poipti bearing on its surface numerous snSall 
carpels or flcuits, which are often called seeds. The 
grain of wheat, and Mother cereal gi^ins, consist of se^ds 
incorporated with seed-vessels, an(l are in reality fruits, 
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althongh they appear like seeds. What, then, is called 
bare grain in the Bible, w the bare fruit deprived of its 
husk-like coverings. The Greek word for grain, Kokkos, 



Fig. 211. 


is different fijpin that jor seedfSperma. The mulbeiTy(fig. 
216, as well as the pine-a;pple (fig. 217), the bread-fruit, 
the cone (fig. 218), and the fig ^fig. 133, p. 91), are made 
lip of a congeries of pistils formed by separate flowers, 
and all combined into one mass. In the first four, the 

2ll. — Pod of VetQh, composed of the pistil, 'with style aind 
stigma at the summit. 'I^e fruit iu this case is composed of a 
single carrol containing numerous seeds. 

Fig. 212. — ^Fruit of Currant, composed partly of the pistil and 
partly of the calyi^, the withei^ remains of part of the calyx axe 
seen at summit of ekcb cnrraQi 
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flowers are on the outside of a common receptacle or 



Fig. .213. Fig. 214. 


axis ; while in the flg the succulent receptacle is c\)Lrved 
upwards and inwards, so as to he hollow, and thus bears' 



Fig. 215. Fig. 21C. 


the flowers inside, as seen in fig. 133. In the fig what , 
are called seeds are in reality fruits, like those on the 

Fig. 213. -—The Mit of the Hazel, consisting of the nut, with 
the husk outside. The husk is composed of floral leaves or^acts. 

Pig. 214.; — Fruit of the Oak (acorn), &, with its cup oP^outer 
covering of altered leaves or bracts, a. 

Pig. 215.— Strawberry-fruit, consisting of a succulent receptacle, 
on which are scattered numerous fruits or achenep, resembling seeds. 

Fig. 216.: — Fruit of Mulberry, composed of the. pistils of several 
flowers uMted into one mass. . 
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top of the strawbenj, but produced by numerous 
flowers in place of one. ^ 

Fruits are divided into those which open in order to 
scatter the seeds, and those which do not open. Among 
the fl)rmer may be noticed — 1. the follicle, a carpel open- 
ing on on#lide, as in the pseony (fig. 219), and the stone- 
crop (fig. 196, p. 134), where there are several follicles 



Fig. 217. ' Pig. 218. 

forming the fruit ; 2. the legume, as in the pea (fig. 220) 
and bean, a carpel opening by both sides ; 3. siliqua, a 
'pod formed of the two united carpels opening along each 
edge in the form^of two valves, as in wallflower (fig. 203, 

217.— Fine-apple, a fruit consisting of several succulent 
AruiVformed by different flowers, and aU united into one. The 
scales outside are modified leaves, while the crown is a series of 
leaves unaltered. 

Fig. 218. — Cone of Fir, a fruit consisting of ecaJes or hardened 
leaves, each representing a separate flow. The firuit is made up of 
numerous flowers united. 
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p. 136) — ^when short it is called silicula (fig. 221) ; 4. 
the capi|ple^ a seed-vessel composed of several dry muted 
carpds^ which separate from each other in various ways^ 
opening by teeth as in the, campion (fig. 222), by valves 
as in the violet (fig. 223), by a lid as in henbane (fig. 
224), pimpernel (fig. 226), and the monkey-pot (fig. 226), 
by pores below the stigma as in the poppy (fig. 227). 



Fig, 219. 


Among fruits which do not open may be noticed — 
1. the achene (fig. 204, p. 136) — a dry single-seeded 
fruit, such as that of each floret of the dandelion and 
sunflower (figs. 130 and 160, pp. 90 and 111), — ^in the 
ranunculus and strawberry (fig. 216, p. 144) there are. 
numerous achenes, and in the dead-nettle and comfrey 
four; 2. the nut, a single-seeded dry fruit, as in the hazel 
(fig. 213, p. 144) and oak (fig. 214, p. 144), with s^jlpd 
shell outside covered by bracts ; 3.. tHe.drupe, a succtilent 

Fig. 2l9.-rFriiit of Peony, consisting of two ciurpels, d d, 
opening on their inner side, and caU^ foIUcles. Calyx, c, below 
thefirait. 
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fruit, such as the cherry and peach, called stone-fruits, 





. Fig. 221, . Fig. 222. Pig. 223. 


with three coverings — the skin, the fleshy part, and the 

Fig. 220. — Legume of Pea opening on both sides. It is formed 
•by one carpel, and the seeds are attached along one side, ^/. Outer 
coat of se^-vessel, ap ; inner coat, m. Placenta, pL Stalk of 
seed,/. 

Fig. 221. — Silicula of Whitlow-grass (Dm&a), opening by two 
flatj^ves, 0 , from l)elow upwards, having parietal placentas, pl^ 
uniip by a membrane or replum. The seeds ore attached to the 
placentas on either side of the seed-vesseL 

Fig. -222. — ^ed-vessel or capsule of Campion (LychpM), opening 
by ten teeth at the apex. The calyx is seen surrounding the seed- 
vessel, but not* adherent. • 

F4g. 228.~The capsule of the; Pansy (VwU tricolor), opening 
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stone containing the seedorheinel inside; 4. the berry, 
where the seeds are enclosed dn pulpy matter within a 
covering formed either by the wall of the mature ovary 
alone, as in grape and potato-apple, or by the wall of the 
ovary in combination with the .calyt, as in the goose- 
berry and currant (fig. 212, p. 143); 5. the apple, 
where there are usually five cavities in the centre con- 



•Pig. 224. Fig. 226. Pig. 226. Fig. 227; 


taining seeds, and the outer part consists of ileshy cells 
covered by a skin formed partly by the calyx, as in the 
apple and pear. 

In common language we apply the name fruit chiefly 
to that which is succulent and eatable. 

Qraftvng, — Various means are adopted by gardeners 

by three valves through the back of the caipels. The placentas 
and seeds are placed on the middle of the valves. 

Fig, 224. — Sleed-vcssel of Henbane (Hyoscyamus niger), opening* 
by a lid ; the capsule has been called ^zis (a box). 

Fig. 225. — ^Seed-vessel of the Scarlet Pimpernel {AiutgaXbU or- 
miais), opening by transverse dehiscence — that is, by a lid. 

Fig. 226. — ^Fmit of the Monkey-pot {Lecyihia oUaria), o||^g 
by a lid. The-seeds are the Sapucaya nuts of the shops. wRiey 
resemble the Brazil nuts, and are rdished by monkey8^- which 
are often entrapped when taking tl^e nuts from the inMor of the 
capsule. 

Fig. 227. — Capsule of Poppy {Papaver)^ opening by pores, 
under the broad stijgma. ' * , 
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to render edible firuits more fit for the dessert. All the 
varices of apple, for instance, are produced from the 



Big. 228. 


wild crab by the art of horticulture. The mode in 
which this has been accomplished is by the process of 
grafting, or by taking a slip from one tree and making 
it adhere to the stem of another tree growing in the 
soil (fig. 228]^ Grafting is of two kinds. In one case a 
slip dr graft is taken &om a wild tree, bearing compara- 
tively worthless fruit, such as the sour crab-apple, and 
is .^^hed to a good stock or stem which has been 
fujj^matured, and which shows great vigour. Another 

Fig. 228.— Whip or .tongue grafting. The stock, a, is cut in 
such a way as to have a ix)ngae*like process, into which the slip or 
scion; b, similarly cut, is inserted. 
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kin4 of is accomplished hy t^ing a slip from 

a tree, bearing good fruit, and uniting it with the* stock ; 
of a wild plant. In both instances good is effected. 
In the first case, the sap of the excellent stock circu- 
late through the .slip or grafli, and imparts vigour to it, 
so as to enable it to produce good fruit. The better 
the stock on which the graft is placed, and the more 
nourishing its sap, the more likely is the fruit of the 
grafted plant to be good. In the second kind of graft- 
ing — viz. the insertion of a slip from a good fruit-tree 
m a crab or wild stock — there is a combination between 
^he two also in such , a way as to cause often early 
fiowering and early ripening of the fruit ; and thus a 
useful fruit-bearing tree is produced. 

Grafting is adopted in the case of many fruits, such • 
as apples, pears, grapes, peaches, and plums. By graft- 
ing there is for a time an arrestment in thp growth of 
the slip ; and it is not until it is fully united to the 
stock |hat it grows and produces fruit. If W3 sow the 
seed of any apple, however fine, in ordinary soil, and 
allow it to grow wild, it will revert to the original 
species, and will produce unpalatable crab-apples. Such 
is also the case with slips put into the soil. It is only 
by careful cultivation and grafting that the good varieties 
are kept up. ^ 

The flavour of our table-fruits depends on the pre- 
sence of certain chemical ingredients. If these ai^ot 
developed, then the fruit wants some of its chanM^r- 
' istics. Even a%r trees have been grafted, they are apt 
to run to leaves, in place of fiowering and fruiting. In 
such cases pruning must be adopted, in order to prevent 
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them from becoming rampant. By inflicting an ii^jury 
^on the tree — ^as cutting a ring out of the bark, oir by 
stopping its roots — gardeners often make barren fruit- 
trees become productive. ’ > 

The fruit, whe|^ ripe, is usually detached from the 
tree ; but sometimes the flruit of one year remains until 
that of another is produced. Thus in the orange-tree 
we meet with ripe fl:uit, green fruit, and flowers at the 
same time. ^ At times the flruit appears to be complete, 
and yet it contains no seeds. Thus seedless grapes 
and seedless oranges are often met witL In such cases, 
although the fruit has a fair appearance, it cannot be 
said to be perfect, for it has not fulfilled the object of 
its production — namely, the propagation of the plant. 

• High cultivation may have a tendency to induce this 
state, and it may perhaps depend occasionally bn the 
age of the trees. Bullar states that the thinness of 
the idnd of the St. Michael orange, and its freedom 
from pips, is owing to the latter cause — ^the trees, when 
young, producing fhiit with thick rinds and pj^nty of 


QUESTIONS. 

1. What is meant by the term fruit in botanical lan- 
guage? 

• 2. Give an, instance of a fruit formed by one carpel 

3. Give an instance of a fruit formed by several separate 
carpels. 

Give an instance of a &uit formed by several carpels 
; odllPKng together. 

5. Describe the parts which form the fruit of a peach. 

6; Describe the parts which form the firuit of a goose-* 
berry, and explain in what respect it differs from a grape. 

. 7. Describe the fruit of tiiie hazel. 
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8. Describe the fruit of the oak. 
d. What is the nature of a grain of wheat ? 

10. Describe the fruit of a strawbeiiy, ahd explain how 
it differs ftom the raspberry. 

1 1. What kind of fruit is the pine-apple ? 

12/ Describe the . fruit of the Scotch fir. 

13. Describe a mulberry, and point out the difference 
between it and a bramble. 

14. Describe the fruit of the fig-tree. 

15. What is essential for a perfect fruit ? 

1 6. How is the seed scattered ? 

17. How do some fruits open to scatter the seed ? 

18. Describe a follicle, and explain how it differs from 
a legume. Give examples. 

19. Describe a siliqua and siliciila. Give examples. 

20. Describe a capsule. 

21. Describe the mode of opening in the fruit of the 
henbane, the rose-campion, the violet, and the poppy. 

22. What is an achene ? Give an example. 

23. Describe a nut. Give an example. 

24. Describe a drupe. Give an example. 

25. In what respect does the pulp of the berry differ 
from the flesh of the peach ? 

26. JJlescribe the parts of an apple. 

27. What is meant by grafting, and how is it effected ? 

28. Mention two kinds of grafting. 

29. How does grafting act on the fruit ? 

30. What is the origin of the apple ? 

31. Do fruits in every instance produce seeds ? 

32. How is the production of edible fruit hastened 1 

The The seed is usually contained in the 
seed-vessel (angiospermous plants), or, in other Tyqjjis, 
in the fruit (fig. 220, p. 147). In some cases the lRd 
is naked, that is, not contained in a seed-vessel (gym- 
nospermouB pl^ts, such as the fir). In order that it 
may be complete, it must contain the rudiment of "Ihe 
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young plant, or what is called the embryo. On re- 
^ moving the sli^ of the seed, it is sometimes found that 
the embryo occupies the whole of the interior. This is 
the case in the bean, pea (dg. 220, p. 147), and lupin, 
the fleshy cotyledons of which form the great bulk 
of the seed ; so also in the common stock (flg. 229), 
and other plants of the cabbage order. At other 
times the embryo forms only a part of the seed, 
as in palms (flg. 230) and lychnis (flg. 231). In 
these instances there is a separate store of nourishing 



Fig. 229. Fig. 230. Fig. 231. 


matter called albumen, which, after the seed has been 
sown, is gradually dissolved, so as tq be taken up by 
the plant in the early stages of growth. The flrst- 
mentioned seeds are called exalbuminous, th# latter 
albuminous. 

The mode in which seeds are scattered is deserving 
of notice. In some cases, as in the gooseberry, grape, 
apple, and coco-nut, the fruit falls without opening, and 

• Fig. 229. — of Common Stock Gillyflower, cut open in a, 
vertical manner, showing the embryo plant, of a white colour, occu- 
pying the whole of the interior. The coverings of the seed are dark, 
and a black line indicates the folding of the young root on the 
coti^Oa. 

1^. 230. — Seed of a Palm, cut vertically, showing the minute 
white embryo occupying only a small part 4f it The bulk of this 
8^ iB:made up by a separate store of nourishing matter. 

Fig. 231.-^Seed of Bed Campion (XycAms), cut vertically, 
showing the embryo curved round the store of nourishment, which 
is in«the centre. 
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gradually decays, forming a sort of manure with the 
soil in which the plant sprouts. In other cases, the 
seed-vessels open and scatter the seeds. In the com- 
mon hi^pom, the pod, when ripe, opens with consider- 
able force ; so also the fruit of the sandbox-tree, and 
the balsam, which is called Touch-me-not, on account 
of its seed-vessel bursting when touched (figs. 2^2, 233). 
The squirting cucumber, when handled in its ripe state, 
gives way at the point where the fruit joins the stalk, 



Fig. 232. Fig. 233. 

and the seeds are sent out with amazing force. The 
common geranium seed-vessels curl up when ripe, as 
seen in fig. 234, and scatter the seeds. Jn the case of 
firs (fig. 235), bignonias, and some other plants, the 
seeds are famished with winged appenAges ; while in' 
the cotton-plant and asclepias (fig. 236), they have 
hairs attached to them, by means of which they are 
wafted to a distance. The action of moisture in ^en- 

Fig. 232. — Ripe fhiit of Balsam {ImjxiHens noli-me-tungef^), 
in its unopened condition. * 

Fig. 238.— Fruit of the same plant opening by five retired 
valves. ' 




Fig. 236. 


Fig. 237. 


Fig. 238; 


matigold (figs. 237 and 238), from the Cape of Good 
* Hope, and in%ie rose of Jericho. 


Fig:. 234. — ^Fruit of Geraniam, showing the different parts of 
which it is composed curling upward^ so as to scatter the seed. 
Mg. 235. — Naked wiug^ seed of Common Fir. 

^g. 236. — Seed of Asdepias, with a cluster of hairs arising 
from the edges of the opening in the seed. ^ 

287. — Seed-vessel of a species of Fig-Marigold {Mesemr 
brifanthemum Tripolium) in a closed state. 

Figi 238. — ^The same seed-vessel, with its valves expanded, after 
having been moistened by water. 
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In the case of composite plants, such as the dan- 
delion (fig. 130, p. 90), thistle (fig. 142, p. 96), and 
artichoke what is commonly called the seed is in reality 
the fru^ with the calyx attached in the form of hairs. 
The down of the thistle consists of calycine hairs. Each 
fruit contains a single seed, and it is interesting to know 
the proceM by which this single-seeded &uit is deposited 
in the soil. In these plants there are numerous fiowers 
on a common receptacle, which is at first succulent and 
nutritive. In the young state this receptacle contains 
much starch, which is gradually changed into sugar, so 
as to be easily taken up in the form of a saccharine 
solution by the flower. In the artichoke, it is . then fit 
to be used for food. As the flower grows, and the firuit 
is perfected, the receptacle loses its sugary matter and 
becomes dry. In this state it is unfit for food. Mean- 
while the hairy calyx attached to the fruit, increases so 
as to be ready A waft it to a distance. In the dan- 
delion, the leaves which *surroUnd the clusters or heads 
of flowers (fig. 130, p. 90) are turned downwards, the 
receptacle becomes convex and dry, the hairs spread 
out so as to form a parachute-like appendage to each 
fruit, and collectively to present the appearance of a 
ball In tliis way the fruit is prepared for being dis- 
persed by the winds. ♦ 

The number of seeds produced by plants is often 
ve^ great. Thus a single Seje palm produces 80M, a 
common spear-thistle 24,000, an Oriental poppy 32,100, 
and a tobacco-plant 40,000 or more. 

Th& young plant or embryo is qoii- 
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tained m the peTfi^t' seed. It consists of tlu^e paits--- 
^ the young lopt (iadicle)/the seed-leaves or seed-lobes (co- 
tyledons), and the young stem (plumule). These parts 
are easily seen in the common pea after removing the 
skm, as shown in fig. 20, p. 13, where r is the radicle, 
c c the cotyledons, and g the plumule. 

In fiowering plants there are two kinds ol^embryos ; 
one in which there is only a single cotyledon, and the 
other in which there are two. The embryo consists at 



Jig. 280. Fig. 240. 


first entirely of cells. In the case of flowering plants, 
it is contained in the seed, and along with it there is a 
store of nourishment for i its future growth. This 
nutritive matter is in some cases incorporated with the 
young plant. Hi in the pea, the large fleshy lobes of 
which are part of the young plant (fig. 20, p. 13) ; in 

Pg. 239. —Section of part of the Coco-nut seed, showing the 
young plant in a cavity at one end, quite separate from the nour- 
ishing matter around. 

jig. 240.— Grain of Oats {Avena scUvoa), o ^ Its coverings ; • 
cgr, young plant ; e, being its seed-leaf ; g, the young bud of tlte 
stem ; and r, part of the axis whence the rbot proceeds ; a, store 
of nourishment, called albumen. 
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other cases it is separate from the young plant; as in 
the coco-nut and wheat In fig. 239 there is a repre- 
sentation of part of the eatable portion of the cocp-nut, 
with the small embiyo plant lying in a cavity at the 
top. This cavity is in the flesh of the nut, immediately 
below the hole in the hard shell The little plant 
weighs offiy a few grains, while the nourishing matter 
weighs many ounces. In palms generally the young 
plant occupies a small part of the seed, and the nourish- 
ment is abundant; and sometimes, as in the date and 
the ivory palm, very hard. In the grains of wheat, 
barley, and oats, the young plant is minute, while the 
starch and glutinous matter stored up along with it is 
large. Fig. 240 represents a grain of oats, o t being its 
covering, c ^ r the young plant, with its root, stem, and* 
leaves, and a the mass of nourishment laid up for the 
use of the young plant, and not incorporated with it. 

QUESTIONS. 

1. What organ contains the seed ? 

2. What is mec^it by naked seeds ? 

. 3. What is the essential part of a seed ? 

4. What is meant by an.exalbuminous seed ? Give an 
example. 

5. What is meant by an albuminous need ? Give an 
example. 

6. How arc seeds scattered I 

7. How does the. seed-vessel of the squirting-cucumber 
scatter the seeds ? ^ 

8. How are geranium-seeds scattered 7 

9. What kind of seeds are seen in the common fir 7 

10. Ytliat is the use of hairs attached to seeds 7 Give 

an example. 
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11. Describe the nature of the fruit and seed in the 
dandelion. 

12. What is the thistle-down ? 

13. Describe the mode in which the fruit of the dan- 
delion is scattered. 

14. What is the part of the artichoke which bears the 
fruit ? 

15. What is the organ calLed the embryo ? ^ 

16. What are the parts of the embryo in flowering 
plants 9 

17. Describe the embryo of the common pea. 

18. Mention two kinds of embryos in flowering plants. 
Give an example of each. 

19. Describe the position and the appearance of the 
embryo of the coco-nut. 

20. What kind of albumen surrounds the embryo in the 
ivory^palm seed ? 

. 21, In what part of the grain of oats does the embryo 

plant lie ? t 

22. What kind of embryo exists in the red campion ? 

Sprouting>ofthe Seed, or Germination, — Seeds when 
ripe fall from the plant into the soil, or they are trans- 
ported in various ways by means of winds and streams, 
.or by the agency of man and animals, and are deposited 
in situations fitted for their growtlu When the seed 
is placed in favourable circumstances, the little plant 
begins to sprout or germinate. In order that this 
process may take place, it is necessary that moisture, 
heat, and air should be present, and it is also important 
that the plant at first should be excluded from direct 
light. The supply of these requisites must be pro- 
perly regulated, and in doing so the nature of the soil 
must be attended to. One of the most important 
opeifktions for enabling grain to grow and give abundant 



160 oeemination; 

pioduce ^is draining. Undiained soil, from having 
much vtusstnie, is cold, is' deficient in the supply of air, 
and prevents the constant renewal of food to the roots^ 
Draining carries away superabundant moisture, allows a 
constant supply of fresh fluid nourishment to penetrate 
through the soil at the roots* permits the access of air 
and heat, and thus materially contributes to the health 
and vigour of the crops. The soil must therefore be 
prepared and fitted for the seed, otherwise, as &r as 
regards useful and nutritious plants, the sowing will be 
Unproductive. 

When seeds are sown naturally, they have only a 
slight covering of soil, and if they happen to become 
deeply buried, the proper access of air is prevented, and 
their sprouting is retarded. In sowing seeds, we should^ 
imitate what occurs in nature. They should be placed 
at a moderate and equal depth. Hencq the necessily 
for regular ploughing, in order that all the grains may 
be at a proper distance from the surface of the soil, and 
that the growth and progress of the plants may be 
uniform. When ploughing is irregular, the grains sink 
to different depths, some plants come up before others, 
and they ripen at different periods — an occurrence 
which tends to injure the harvest ; for the ripe .grain, 
when fldlowed to remain beyond a cert&i period, loses 
part of its nutritious qualities, and thus the produce of 
the fiield is diminished in value. Seeds often lie long 
dormant) especially when placed too deep in the earth, 
and it is only when the soil is turned up and eir ad* 
mitted ihai jthey spring up.. Many are the instenpes of 
seeds retaining vitality long, when buried m the grQimd, 
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under certoili conditions. The seeds of white clover 
inay tem in the soil for many years, and yet, when 
brought near the surface, so as be within the action of 
the air, germinate freely. While seeds naturally pre- 
served in the soil and in peat-mosses retain their 
vitality, it is not easy for man to imitate these con- 
ditions. The statements as to the germination of 
mummy-wheat require confirmation. No doubt there 
are numerous fields of what is called mum my- wheat over 
the country, but none can be proved by unimpeachable 
evidence to be the produce of grains of the same age as 
the mummies. 

The various phenomena connected with the sprout- 
ing of the seed are well seen in the malting of barley. 
'The grain is exposed to moisture, heat, air, and is kept 
in comparative darkness. It is placed in circumstances 
fitted for its sprouting. A marked change takes place 
ill the contents of the grain. The starch, which is 
, insoluble *01 water, and unfit for the nourishment of the 
plant, is converted into sugar, which is soluble, and 
easily taken up by the cells of the plant as food. The 
young roots are first protruded, and then the stem rises, 
surrounded by a leaf called a cotyledon, or seed-leaf. 
If the barley were allowed to grow, the whole of the 
sugar would be used by the plant. But man wishes to 
get the sugar, and he therefore stops the plant in its 
growth by drying it, and thus makes malt. The pro- 
gress of growth in the oat is seen in fig. 241, which 
represents the embryo at one end of the grain, the 
curved dotted lines marking the dimension! of the 
^^n. The letter r indicates the young roots passing 
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through sheaths, co, and covered with little cellular 
hairS| ready to take up fluid nounshment j , c is the 



Fig. 241. Fig. 243. Fig. 244. 


cotyledon — i,e, the seed-lobe or seed-leaf; g is the 
young stalk or stem rising upwards. In the Indian 

Fig. 241. — Germination or sprouting of the grain of Oats, r, 
roots passing through sheaths, co ; c, cotyledon ; the first leaves' 
of the plant. The plant is monocotyledonous, or has only one 
cotyledon. 

Fig. 242. — Germination or sprouting of the grain of .Maize or 
Indian coin.; Stalk supporting the cotyledon, c.; g, the first 
leaves of thWplant. It is monocotyledonous. 

Fig. 243.— -Grain of Wheat, seen on its inner surface. , 

Fig. 244.— Grain of Wheat, seen on its outer surface, with the 
small embryo, A at one side ; all the rest of the grain being, occu- 
pied with nourishing matter, a, called albumen, which dies and is 
dissolved. • . 
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corn (fig. 242) the same parts are seen—the roots, r, 
the cotyledon, c, united to the graiii by a stalk, and 
the young stem-leaves, g. 

Except a com [grain] of wheat fall into the ground 
and die, it abideth alone ; but if it die, it bringeth 
forth much fruit.” We see an apt illustration here. 
The great bulk of the grain of wheat (fig. 243) is com- 
posed of nutritious matter (fig. 244 a), separate from the 
little plant or embryo (fig. 244 h). This matter must 
all be changed and dissolved, in order that the plant 
may spring. Unless it dies, and undergoes solution, 
there can be no nourishment conveyed. Again, the 
sprouting of the grain is taken by 8t. Paul as an 
emblem of the resurrection. Tlie bare or naked grain 
which is sown is not quickened except it die ; and out 
of the corruption and dissolution which it undergoes 
there springs up, by a wondrous metamorphosis, the 
blade of wheat, or of some other grain. 

In many plants the embryo, in place of having only 
one cotyledon, as in grasses and palms, has two. These 
cotyledons, during the sprouting of the plant, either 
rise above ground, and appear as temporary leaves of a 
peculiar form, as is seen in the lupin ; or they remain 
below ground as fleshy lobes, and are gradually absorbed, 
as in the bean and pea (fig. 20, p. 13). Eig. 245 re- 
presents the germination of the common haricot, where 
r is the root of the young plant, t is the. stalk sup- 
porting the two cotyledons, e c and g g are the first 
proper .leaves of the plant. In the orange (fig. 246), 
the cotyledons, c, remain below ground in the seed, a; 
such is also the case in the bean and pea, in. which the 
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cotyledons form the great bulk of the seed. In plants 
which have no flowers, as ferns, mosses, sea-weeds, and 



Fig. 247. Fig. 246. 


fungi, the little germs are simple cells without any 
cotyledon, which send out cellular roots froni various 
parts of their surface. In fig. 247 there is a repre- 

Fig. 245. — Germination or sprouting of the Haricot (Phaaeolus 
vutgaris), it Stalk supporting two cotyledons, cc; ^ the first 
leaves. The plant is dicotyledonous. 

Fig. 246.* — Germination or sprouting- of the Orange, c, The 
two cotyledons enclosed in the seed, t, and remaining under ground. 
The plant is dicotyledonous. 

i^g. 247. — Germinating spores or germs of a si>ecie8 of Liver- 
wort (MarcimUa in different stages of growth. A 

small cellQlar protuberance first appears, a, which ultinMitely 
elongates, as seen at 5. The plant is acotyledonous. . „ 
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single cells, with tapering projections forming the roots. 
There is here no distinction of parts, as in the embryo 
or germ of flowering plants. 


It will thus be seen that, according to the nature of 
the embryo or young plant, the whole vegetable king- 
dom can be divided intor— 1. nosering plants having 
one cotyledon, called monocotyledonous plants (flgs. 
241 and 242 ) ; 2. Tlowering plants having two coty- 
ledons, called dicotyledonous plants (figs. 245 and 246 ; 
3. Flowerless plants without cotyledons, called acoty- 
ledonous plants (fig. 247). Dicotyledonous plants have 
exogenous stems (figs. 45, 46, p. 27). Monocoty- 
ledonous plants have endogenous stems (figs. 57, 68, 
p. 37). While acotyledonous plants have acrogenous 
stems (fig. 64, p; 41). 

^ In sowing seeds it is #f importance to know the tem- 
perature of the soil. The seeds of the common annuals 
should not'be sown until the ground temperature reaches 
46° Fahr. Seeds are often preserved in the soil on ac- 
count of its temperature being higher than that of the 
air. The winter temperature of the soil, when covered 
with snow, is in many cases above the freezing-point 
when melting commences, and is considerably augmenteeP 
before the dormant vitality of the plant is aroused ana 
germination begins. 

The mean temperature of the soil at 2-3 feet is 
almost throughout the year in India above that of the 
surrounding atmosphere. This is also shdwn to be the 
case in England ; and Mr. Thompson found, at Chis- 
wick,* that the temperature of the soil is, on a mean of 
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six years, at the depth of one foot, V above that of the 
air, and at two feet, Ij®. During the winter months 
the soil is from 1-2® warmer than the air, and during 
summer it is a fraction of a degree cooler than the air. 

In India the mean temperature of the soil in winter 
may be often 9-10® above the air. The accumulated 
heat in the upper strata of soil prevents delicate rootlets 
from becoming frozen, and preserves the vitality in such 
fleshy roots as rhubarb and orchids. This temperature 
is also useful to the burrowing animals, such as marmots 
and rats, which abound at 15,000 to 17,000 feet above 
the level of the sea at Tibet. The rapid development of 
vegetation after the snow, is due to the heat of the soil, 
quite as much as to the increased strength of the sun's 
direct rays, on lofty regions. 

Seeds often remain dormant in the soil, and only 
germinate when certain changes take place on the sur^ 
face. When forests are destroyed, it is frequently 
observed that a new set of plants make th6ir appear- 
ance. Oaks and other plants appear in America after 
the pine-forests have been cleared. Their seeds must 
have been long in the soil. In Brazil, when a forest 
has been burned, a different kind of vegetation succeeds 
that previously in the soil. 

QUESTIONS. 

1 . What is meant by germination ? 

2. What are the requisites for germination ? 

3. What effect has draining upon the soil as regards 
germination 1 

4. What are the effects produced by burying seeds 
deep in the soil ? 
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6. Is there sufficient evidence as to the germination of 
mummy-wheat ? 

6. Describe the various stages observed in the malting 
of barley as illustrating germination. 

7. What changes take place in the cotyledons ? 

8. Describe the germination of a monocotyledon. 

9. Describe the germination of a dicotyledon. 

10. Describe the germination of an acotyledon. 

1 1 . What is the nature of the stem in dicotyledonous 
plants ? 

12 . What is the nature of the stem in monocotyledonous 
plants ? 

13. What is the nature of the stem in acotyledonous 
plants ? 

14. In what way does the soil influence germination 7 
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THE ORGANS OF NUTRITION AND REPRODUCTION IN 
FLOWERLESS PLANTS. ‘ 

We have already alluded to the nutritive organa of 
these plants in so far as regards their acrogenous steins 
(pp. 38-42) and their acotyledonous embryo (p. 164). 
Some *of them are composed entirely of cells, such as 
seaweeds, mushrooms, and lichens (figs. 260-264, pp. 
173, 174); others have cells and vessels, more especially 
ladder-like vessels (fig. 9, p. 4). Some have leaves, as 
mosses ; others are leafless, as nffishrooms. The leaves 
of some of these plants bear organs of fructification, as 
is the case with ferns, and they receive the name of 
fronds (fig. 249). 

In flowerless plants there are no distinct floral 
organs, such as the calyx, corolla, stamens, and pistil. 
Certain cellular bodies, however, are found in them, by 
the union of which reproductive germs equivalent to 
seeds Q| to embryo plants are formed. 

In Ferns theie occur little clusters of minute, sacs 
containing what appears to be brown dust, but which 
in reality consists of microscopic cellules or germs called 
Spores. These, when scattered in favourable situations, 
have the power of germinating or sprouting, and thus 



FLOWBRLESS PLANTS. 


169 


give rise to new plantp. The clusters of sacs or spore- 
cases are rounded, or linear, or crescent-shaped, and 
they appear either on the back of the fronds or leaves 
of feins, as in the common male shield-fern (fig. 248), 
and in the lady-fern (fig. 249), or in spike-like processes, 
as in the royal-fem (fig. 250). The little cases or sacs 
are frequently surrounded by elastic rings (fig. 251), 
which open them, and thus allow the spores to be scat- 



Fig. 248. h Fig. 240. a 

• 

tered. When the spore germinates it sends out a cel- 
lular expansion, as seen in fig. 252 p, and from this 
arises the proper frond. On this frond-like process, p, 
are developed certain very minute cellular bodies, which 
are supposed to be equivalent to the stamens and pistils 
o*f the flowering plants. In figs. 253 and 254 these organs 
are seen; the flrst showing cellular bodies containing 

Fig. 248. — Portion of the frond of the male sliield-fem {Lastrea 
FUix-maa), showing two sori, s or clusters of sporangia or spore- 
cases covered with a kidney-shaped involucre or indusium attached 
by the (left. 

Fig. 249. —A thyrium Filix-fceminctf Lady-fern, a, Entire plant 
much reduced in size, with root and frond bearing fructification ; 
&, Portion of the frond or leaf m^ified to show flie fructification. 
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moving filaments and representing stamens, the second 
showing a cellular body equivalent to the pistil. 

In the common Horsetail {Equiseturri) the little 
germs or spores are surrounded by two filaments with 
each of their extremities swollen, as seen in fig. 255^ 
These are hygrometric, and coil round the spore when 



Fig. 260. Fig. 251, Fig. 262. 


moisture is applied,^as seen in fig. 256, but- spread out 
when dry, as in fig. 265. They appear to be connected 
with the placing of the spore in circumstances fit for its 
growth. These spores form interesting objects under 

Fig; 250. — Frond of the Eoyal-fem {Osmunda regalis\ 'beariEg 
pinnse, /. At the extremity of the frond the pinnse are altered so 
as to bear fructiiication, consisting of sporangia arranged in a spike- 
like manner on a number of short axes. « 

Fig. 251. — Mature sporangium of the Male-fern {Lastfed FUix- 
mas). It is supported on a stalk, p, some of the cells of -which form 
an elastic ring or annulus, a, round the spore-case. The spore-case 
opens at the side to discharge the spores, a. 

Fig. 252. — Young plant of a Fern (Pteris pakacea), showing 
the commencement of the frond,/, arising from a fertilised ceU ; 
the early frond (prothallus), p, being still attached. 



In Mosses the reproductive organs are only seen in 
the young state of the plant. When the moss is fully 


Fig. 253. — Antheridia (i.e. antber-like bodies) from the pro- 
thallus of the common brake (Pteris a^Uina). a. An unopened 
antheridium ; 5, antheridium bursting at the apex, and discharging 
free cellules, each containing a moving filament ; c, antheridium 
after the discharge of the cellules. 

Fig. 254. — Archegonium (i.c. pistil-like body) of the forked 
spleenwort (AspUnium septmtriondle), a. Canal leading to the 
laige ceU, c, at the base of the archegonium ; e, embryonic cell, 
whence the proper frond proceeds. 

Fig. 256. — Spore of Horsetail {Eqm&etwm), surrounded by two 
filaments with swollen extremities. These filaments are hjgrth 
metric. 

Fig. 256. — The same spore Tidth the filaments coiled round it 
after the application- of moisture. 
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develoi^ed the germs or spores are contained in nm-like 
'cases/f« (figs. 257, 258, and 259), covered by. a sort of 
veil, c, which falls off and displays a lid, o. When 
this lid is separated, as seen in hg. 259 o, there is dis- 
played a series of processes,^, called teeth, which are 
hygroraetric, rising up when dry and folding down 


/ 


Fig. 207. ' Eig. 258. Fig. 259. 

when moist. These teeth are either four in number or 
some multiple of four, as 8, 16, 64, 256, etc. They 
surround the top of the case which contains the spores 
in its interior. 

Fig. 267. — A Moss {Funaria, hygrometrieoi) slightly magnified. 
Leaves, / connected -with the stalk, p ; u, um-like spore-case, witii 
its veil, Cf and lid, o. 

Fig. 258. — Um-like case of a Moss [Encalypta wlgaria) mag- 
nified ; 8 stalk, c veil, under which, and seen through it, are, 
the ura-like spore-case, and, o, the lid. 

Fig. 259. — Uni-like cose, % of the same Moss, with the veil 
removed, and the lid, o, taken off to show the row of teeth, p ; 8, 
the stalk bearing the case. 
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lAchms form the green and yellow coverings of rocks 
otherwise hare of vegetation. They occur abundantly 
in temperate and cold regions. They are found on the 
inhospitable arctic and antarctic rocks, and are the last 
traces of vegetable life seen on ascending lofty alpine 
summits. They consist of a cellular expansion hearing 
rounded discs (fig. 260), which contain tubes with 



Fig. 260. Fig. 261. Fig. 262. 


spores or.germs (fig. 261). The latter are very minute, 
and are easily carried about by the wind. Lichens are 
the first plants which appear on coral islands, on lava, 
or on new islands which occasionally rise in the ocean. 
They have minute cellular organs of reproduction, visible 
only under the microscope. 

' Fungi are illustrated by the mushrooms, toadstools, 

Fig. 260. — ^Lichen {Parmdw) with rounded spots of fructifica- 
tion containing minute germs. 

Fig. 261. — theca or tube, ^ of a Lichen, containing four 
nucleated cells. These cells ultimately form sacs containing numer- 
ous minute spores. Bound the theca are cellular filaments, jp. 

Fig. 262. — Part of the fructification of the Mushroom (AgarkfkU 
campeains), Thc|. cellular stratum, bearing the fructification, is 
marked and below it is another set of cells, A cell, 6, Lmts 
at Its apex four spores, which are support^ on stalks. 
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and moulds. They too present little germs attached to 
various parts of the plants (fig. 262), and sometimes 
contained in tubes (fig. 263). In an ordinary mush- 
room (fig. 264) the following parts are seen : a spawn, 
my, consisting of thread-like cells developed under- 
ground ; from this is produced a stalk, st, bearing at its 
summit a cap-liko portion, p, on the under surface of 
which are seen gilla^or lamellm, la and h, on which the 



young germs are- placed. From the edge of the cap 
there extends to the stalk in a young state a thin cel- 
lular membrane called a veil, which is finally ruptured, 


Fig. 263. — Vertical scctian of the fructification of a Fungus 
{Peziza), showing the cellular stratum, c, bearing club-shaped spore- 
cases or thecaj, t, which contain nucleated cells, sp. Along with 
the thecsQ are cellular filaments,^. 

Fig. 264. — Vertical section of a Mushroom (Agaricus campes- 
iris ) ; wy, mycelium pr spawn ; w/, remains of volva or wrapper, 
which covers the fructification in the young state ; st^ stipe or stalk, 
which is hollow internally ; ati, annulus or ring, being the remains 
of the veil which extended from the edge qf the pileus to the stipe ; 
to, lamellse or gills, on a cellular base, h; p, the pileus or cap, 



FUNGI. 


175 


the remains of it forming a ring, an, round the stalk. 
In the A^ery early state of the plant, before it rises up- 
wards, it is enclosed in a wrapper, vol, which gives way 
as the mushroom is developed. In moulds (fig. 265) 
we observe a spawn, m, which extends 
itself among the decaying matter, and 
gives rise to a stalk, /, which bears the 
fructification, s. The minute germs of 
fungi are dispersed everywhere through- 
out the atmosphere, and are ready to 
light on any substance in which they 
can find a nidus. Ilcnco we see mould 
spring up rapidly wherever there are cir- 
cumstances favouring its growth. Paste or bread can- 
dot bo kept long without becoming mouldy. Fungi 
grow with astonishing rapidity. Their spawn spreads 
throughout the soil or decaying matter, and, when 
circumstances' are favourable for their growth, the fruc- 
tifying stafks spring up from various parts of the spawn. 
Thus crops of mushrooms appear in the course of a 
single night. One of the puff-balls has grown in a 
single night, in damp weather, from the sisie of a mere 
point to that of an enormous gourd. By a constant 
division of cells the production of new ones goes on in 
geometrical progression. Thus, if one cell becomes 2 
in the course of 20 ipinutes, then in 40 minutes 4 will 
be found, in 1 hour 8, in 2 hours 64, in 3 hours 512, 
in 6 hours 262,144, and iii llj hours upwards of 41,000 

Fig, 265 . — X species of Mould (Jfzeoor), showing the spawn m, 
bearing a stalk /, ending in a sac s, which incloses numerous very 
minute spores. ^ The spores su'e discharged by the bursting of the 

■ ■■ 
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millions. The barrack bread at Pari^ a few years since, 
was uneatable twenty-four hours after it had been baked, 
from the development of a kind of red mould {Peni- 
cillium) within its substance. Species of coprini or 
dunghill toadstools occur sometimes on the wpod of 
beds a day or two after they have come from the car- 
penter^s hands.' The germs of fungi insinuate them- 
selves into the tissues of animals, and cause their death. 
Silkworms are liable to a disease called muscardine, 
which is caused by the attacks of fungi. Wasps in the 
West Indies suifer in a similar way, so also do cater- 
pillars in Australia. Even man is liable to be at- 
tacked by them, and several diseases of the skin and 
mucous membrane are caused, or at all events modi- 
fied, by fungi, The'diseases of grain, such as smut and 
rust, are due to a similar cause. Tiihber, when not 
well seasoned, and exposed to the attacks of fungij 
without proper ventilation, becomes affected with dry- 
rot, whkh is owing to the insidious progress oT a fungus, 
the spores or germs of which insinuate themselves into 
the wood, begin to form their spawn, and thus speedily 
cause complete decay. The appearance of such a fun- 
gus on the walls of houses may be referred to in Levi- 
ticus xiv., where a description is given of what is called 
the leprosy of the house. This plague extended itself 
over the wood, the stones, and the mortar of the house, 
and could only bo cured by pulling all down, 
spawn of some fungi has been found to attack gutta- 
pemha, and cause great injury to telegraph-wires under^- 
groundi Some telegraph-wires passing under oaks ^ve 
been thus injured. • V 
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Algae, or Seaweeds, are plants of a cellular nature, 
living either in salt or in fresh water, and which have 
no floral envelopes, and no stamens or pistils. Their 
reproductive germs are either arranged in clusters 
of four (flg. 266), or are contained in cases or sacs of 
various kinds (fig. 267). Some seaweeds are brown- 
coloured, as the common tangle ; others are red, as the 
dulse; others, as confervse and lavers, are green; while 
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a fourth set are very brittle, on account of having a 
siliceous or flinty covering. 

In tl;e common seaweed {Fncm vesimilosus), as seen 
’ in fig. 268, the frond, /<?, displays little bladders of air, 
w, which enable it to float, and receptacles of germs, t, 
associated with a slimy sort of mucus. Some seaweeds 
have stalks several hundred feet long, and their fronds 
float on the surface of the ocean by means of bladders 
• of air. ■ Some of the fresh-water alga3 are composed of 
simple rows of cells, as seen in fig. 269. These cel- 
lular filaments in some instances unite together, as seen 

Fig. 266. — Sac containing four germinating spores taken from 
one of the rose-colonred Seaweeds (CfiUithamnwn cruciatum), 

. Fig,. 267. — Part of the fructification of a rose-colour^ Seaweed 
^B(mnmaia(mia asparagoides). It consists of an ovate sac with a 
tehninal opening, and containing a tuft of pear-shaped germinating 
ceUs, or spores. 
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in fig. 270, by means of a tube, and in this way the 
contents of one cell pass into another, so as to form a 
germ or spore, (jr. In those plants which are familiar 
to all as forming the green slime of ponds, there are 
moving filaments observed, as well as moving spores. 



Fig. 268. Fig. 269. 


The latter, as represented in figs. 271, 272, 273, and 
274, are furnished with hair-like processes, which either 
come off from one point in clusters of two and four (figs. 
271 ^and 272), or more (fig. 273), or they surround the 
whole spore as with a fringe (fig. 27 4). These minute 
hairs exhibit movements for a short time after the spores 
are separated from the plant ; their vibration ceasing 

Fig. 26i8. — Frond, / c, of Fucus vesimUimit a conunon Sea- 
Weed ; V, bladder of air ; t, cases containing spores and mucus. 

Fig. 269. — A Conferva or fresh-vrater Alga, composed of cells 
with green cellular matter inside. . . 
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whenever the spore becomes fixed and begins to sprout. 
The brittle algse called diatoms are remarkable for the 
division of their cells (fig. 275). It has been calculated 
that, by self-division, one of the diatoms may be pro- 
pagated at the rate of a thousand millions in a single 
month. Moreover, by the process of conjugation, cellular 


Fig. 271. 

i 

Fig, 272. Fig. 273. Fig. 274. 

bodies, called frustules, are produced, which are very 
much larger than the ordinary size of the parent, 
and which multiply also by self-division. Diatoms 
occur in all parts of the world, and in some places form 

Fig. 270. —Two filaments of a fresh-water Alga (Zygnema) united 
. by .tubes, j9. The contents of one cell, c, pass into another celJ, c, 
on the left, and thus the spore, as seen at gr, is produced. In the 
lowest cells moving thread-like bodies are seen. 

Fig. 271. — Moving spore of one of the Confervee (Ckcetophora). 
The si>ore consists of a vesicle, v, to which are attached four cilia 
or vibratile filaments, c, which move for a certain time after the 
spore is discharged. 

Fig. 272. — Moving spore of Conferva, with two cilia at one end. 

Fig. 273. — ^Moving spore ol^Conferva, with tuft of cilia at one 
end. 

Fig. 274.— ^Moving spore •of Vaucheria surrounded by cilia. 





Fig. 270. 


180 


DIATOMS. 


enoimouB deposits. The city of Mchmond, in Yiigmia, 
is said to be built on a stratum of diatomaceous remains 
18 feet in thickness. The substance called Berg-mehl, 
or Mountain-meal, in Sweden, is composed of fossil 
diatoms. The flinty covering prevents them from de- 
caying, and enables them to resist the action of fire and 
of acids. The markings on many of them are very 
beautiful, and they constitute excellent test-objects for 
the microscope. 

In red snow an alga is produced called Pr^tococcus 
nivalis, or the red-snow plant. It consists of a minute 



globular cyst, resembling in appearance a red currant on 
a very smaU scale. The plant is seen in the snow of 
arctic regions. It is not, however, seen in antarctic 
regions, nor did Dr. Hooker meet with it on the 
Himalaya. Blood-rain is due to the presence of an 
alga called Palmella prodigiosa. This plant was 
developed in less than twenty-four hours, under the 
eye of Dr. Montagne, in such quantities as to cover 
cooked provisions with a dark blood-red slime. The 
red and ^een colours seen in the ocean and in lakes 
are owing to the presence of algse. Some algas have a 

Fig. 275.— Frustules of a diatpmaceous Alga {DiaUma mari- 
num), separating from each other. The frnstules of the plant vary 
from nearly square to six times as long as broad. 
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jelly-like appearance, and were formerly supposed to 
have &llen from the sky, and to be the remains of 
fallen stars. Hence, species of J^ostoc received the 
names of sky-jelly and star-jelly. 

QUESTIONS. 

1. What is meant by flowerless plants, and what otht r 
names are given to them 1 

2. Describe the ordinary fructification of ferns. 

3. What is meant by spores ? 

4. What function do spores perform ? 

5. In what organ ore spores contained ? 

6. In the common male shield-fem where are sporj^ 
cases found ? 

7. How do spore-cases burst and scatter the spores ? 

8. How do spores germinate ? 

9. What kind of organs are found in ferns equivalent 
to stamens and pistils ? 

10. Describe a peculiarity in the spores of the horsetail. 

1 1. Describe the fructification of a moss. 

12. What is meant by the teeth of mosses ? 

13. What numbers have been noted in the teeth of 
mosses. 

14. What is meant by the lid in the fructification of 
mosses ? 

16. What are lichens ? 

16. In what kind of climate do they abound ? 

17. Mention plants belonging to the fungi. 

1 8. Describe the parts of an ordinary mushroom. 

19. What is the spawn of mushrooms ? 

20. What ore the gills of a mushroom, and what do 
they bear on their surface V 

21. What is meant by the veil of a alushroom ? 

22. .What is the wrapper of a mushroom ? 

23. What is mould ? 

24. Mention any remarkable facts in the growth of 
fungi 
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26. Are fungi in any way connected with diseases 1 

26. What is muscarine ? • 

27. What are algse 1 

28. Describe their fructification. 

29. What colours are found in seaweeds ? 

30. Is there any apparatus for enabling seaweeds to 
float ? 

31. What movements have been observed in the spores 
of algffi ? 

32. What are diatoms 1 

33. Explain conjugation in certain algae. 

34. What constitutes the Mountain-meal (Berg-mehl) of 
Sweden ? 

36. What kind of covering is found in diatoms ? 

36. How do diatoms divide ? 

37. What plant is found in red snow 1 

38. What is the nature of blood-rain ? 

39. What is meant by sky-jelly and star-jelly ? 



PAET II. 


THE ARRANGEMENT OR CLASSIFICATION 
OP PLANTS. 

* CHAPTER 1. 

GENERAL REMARKS ON CLASSIFICATION. 

In examining the vegetable kingdom, we observe that 
the individuals composing it are formed by the Al> 
mighty in accordance with a principle of order, as well 
as a principle of special adaptation. We have already 
remarked the order. pursued in the arrangements of the 
various parts of the root, stems, leaves, and flowers of 
plants, and we have traced, in some degree, the modes 
in which they are fitted to perform their different func- 
tions. : We now proceed to apply the facts of vegetable 
anatomy and physiology to the classification of plants, 
and to consider the plan according to which they are 
grouped together in classes and faxnilies. 

We see around us various kinds or sorts of plants, 
more or less resembling each other — or, in other words, 
are more or less related to each other. In systematic 
botany we endeavour to mark t^ese resemblances, 
and to determine their relations. It is impossible 
to give a scientific arrangement of the plants of the 
globe without a thorough knowledge of structure, and 
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without an extensive acquaintancjB with the vegeta- 
tion of all parts of the world. We cannot expect to 
determine the system on which plants have been 
grouped until we are familiar with all the forms which 
they present. Hence, in the present state of our know-* 
ledge, there must be imperfection in our attempts at 
systematising. The floras of many regions in Africa, 
India, China, Australia, and America, are still unknown, 
and we may therefore conclude that in all systems 
there will be gaps, to be filled up as our Jmowledge 
increases. Sufficient, however, is known to enable us 
to group plants according to certain evident alliances. 

The necessity for arrangement is evident, when we 
reflect that there are more than 120,000 known species 
of plants on the earth. In order to make these avail- 
able for scientific purposes, it is absolutely essential that 
they should be named and classified. In associating 
plants in certain groups, we naturally proceed on an 
idea of resemblance or likeness. While in ordinary 
language this idea is vague and indefinite, in scientific 
language it must be strict and rigorous. It is not 
enough to say that one plant resembles another in its 
general aspect, we must ascertain the particulars ot 
agreement, and the points in which they differ ; we 
must weigh well the importance of the characters, and 
must compare organs which are equivalent in value ;* 
and thus we shall often find, that plants which to 
common observers appear alike are in reality totally 
different. The study of the anatomy of plants gives us 
a strict and accurate techniciEd language, which must he 
rigidly adhered to in classification. 
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Plants, as they occur in nature, are viewed as in> 
dividuals resembling or differing from each other. 
Some individualB are so decidedly alike, that we at once 
give them the same names. Thus a field of wheat is 
composed of numerous similar individuals which can be 
separated from each other, but cannot be distinguished 
by any permanent or marked difference. Although 
there may be some variation in size and other minor 
points, still we at once say they are stalks of wheat. 
Every grain ipf wheat, when sown, produces a stalk 
of wheat; these stalks yield grains, which produce 
individuals like their parents. The shoots or buds 
given off from the base of wheat by tillering, also 
produce stalks of wheat. On such universal and in- 
€rvitable conceptions as these, our ideas of Species are 
founded. 

A Species may be defined as an assemblage of in- 
dividuals presenting certain constant characters in 
common, and derived from one original stock. For 
each species we believe that there has been a parent 
stock, which has given origin to a succession of similar 
individuals. They may differ slightly in size, or in 
colour, and other unimportant respects, but they re- 
semble each other more closely than they resemble any 
o'ther plants, and their seeds produce similar individuals. 
Observation and common daily experience demonstrate, 
in the actual circumstances in which we exist, the 
permanence of the types which constitute the species 
of living bodies. There is no evidence whatever of a 
transmutation of species. The erroneous statements 
regsu^g the conversion of oats into lye have proceeded 



186 


VAREETIBS AND RACES. 


on imperfect observations. The individuals, however, 
of a species may present certain differences in regard to 
size, colour, etc., these differences depending on soil, 
anid on (Merent conditions of heat, light, and moisture. 
Such differences are not incompatible with the idea of 
a common origin, and, moreover, there is always a 
tendency to return to the original type. What are 
called Varieties^ therefore, are variations in species 
which are not in general of a permanent character, and 
cannot be kept up in ordinary circumstances by seed. 
By cultivation, however, such varieties are sometimes 
perpetuated. This is usually accomplished by means 
of cuttings or grafts, and in certain instances even by 
seed. Thus the varieties of the cereal grains and of 
culinary vegetables have been propagated so as to con- 
stitute permanent Races, 

Plants under cultivation are liable to spat^ as it 
is called, and the peculiarities and variations thus pro- 
duced are sometimes kept up. All the varieties of 
cabbage, cauliflower, brocoli, savoys, and curled greens, 
are derived from one stock — Brassiea oleracea. This 
plant grows wild on the sea-shore, and when cultivated 
it undergoes remarkable changes. Thus it forms a 
heart, as in ordinary cabbage ; its ffower-stalks become 
thickened and shortened, as in cauliflower and brocoli ; 
or its parenchyma is largely developed between the 
vessels, so as to give rise to the crisp and curled ap- 
pearance of greens. This tendency in the plant to 
produce monstrosities was early noticed by cultivators, 
and care was taken to propagate those individuals 
which showed abnormm appearances. The seeds of 
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such were saved; put into good soil; and no plants were 
allowed to remain except such as presented the required 
form. In this manner certain races of culinary vege- 
tables have been established. If, however, these 
cultivated plants are allowed to grow wild and scatter 
their seed in ordinary soil, they will, in the progress of 
time, revert to the original type or species. Instances 
such as these show the remarkable effects of cultivation 
in perpetuating varieties by seed. In regard to the 
cereal grains^— wheat, barley, oats, etc. — they have been 
so long cultivated that we are at a loss to know the 
original types or species. We have been forced, in the 
meantime, to call them species, although they are pro- 
bably mere cultivated varieties of unknown species, 
perpetuated as races. 

It is of great importance to distinguish between 
mere varieties and true species, and to determine the 
limits of variation in different species. By not attend- 
.ing to this, many mere varieties have for the time been 
described as species, and thus great confusion and in- 
correctness have arisen both in doscriptiops and in 
arrangements. Another source of fallacy arises from 
hybrids being occasionally reckoned as true species. 

Certain species not identical in origin have com- 
mon features of resemblance, land are associated together 
under what is called a Genus, A genus, then, is an 
assemblage of nearly-related species, agreeing with one 
another, in general structure and appearance, more 
closdy than they accord with other species. Thus the 
Scotch rose, the Dog rose,|he China rose, and the 
sweet-briar, are all different species included in one 
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genus^ Eoaa. It may happen that a single species may 
be reckoned as forming a genus, when the peculiarities 
are as marked as those constituting other genera. Thus, 
if there was only one species of oak, it would be suffi- 
cient to constitute a genus, as much so as at present 
when it includes 200 species. It is distinguished by 
its acom from other allied genera, such as the beech, 
the hazel, and the chestnut. The species in a genus 
present ono general plan, and may be said to be formed 
after the same pattern. Some species t>f a genus, 
having special points of resemblance, may be grouped 
together in a Suh-genu8, 

On looking at genera, it will be seen that some of 
them, such as oaks, hazels, beeches, and chestnuts, have 
a strong resemblance or family likeness, and that they 
differ remarkably from such genera as firs and pines, 
maples and ashes. Certain genera may in this way be 
grouped so as to form Orders or Families, While 
genera are groups of allied species, orders are^groups of. 
allied genera, or, in reality, more comprehensive genera. 
Thus, firs, pines, and larches belong to different genera, 
but all agree in being cone-bearing; and are grouped 
under ConiforaB. The rose, the raspberry, the bramble, 
the strawberry, the cinquefoil, the cherry, and the 
plum, all agree in their general form and structure, and 
are united under Eosaceas. Certain genera have more 
points in common than others, and are grouped to- 
gether under subdivisions of orders called Sub-orders, 
Thus, the plum and the cherry have a drupe as their 
fruit, and are more nearly allied to each other than 
they are to the apple ; again, the strawberry, raspbeny, 



CLASSES AND SUB-CLASSES. 189 

and bramble, are more allied to each other than to the 
cheny or apple* We have thus Sub-orders of Eosacere 
— ^namely, Amygdaless, including the plum, peach, 
cherry, and almond ; PomeaB, including t][ie apple, pear, 
medlar, and quince ; Fotentillead, including the straw- 
berry, cinquefoil, and raspberry ; and Eoseas, compre- 
hending the roses. 

Certain orders, agreeing in evident and important 
general characters, are united together so as to form 
Classes ; and subdivisions of classes are made in the 
same way as in the case of orders. There are thus 
Stih-dasses associating certain orders included in one 
class. 

The usual divisions are thus Classes, Orders, Genera, 
mid Species. These occur in all systems of classification. 
A more minute subdivision may be made as follows : — 

I. Classes. III. Genei’a. 

а. Sub-classes. a. Sub-genem. 

II. Ord^s or Families. IV. Species. 

’ a. Sub-orders. a. Varieties. 

б. Tribes. 

c. Sub-tribes. 

An enumeration of the marks by which one Class, 
Order, Genus, or Species, is distinguished &om another 
isr called its Character. In giving the cl^aracters of any 
division, we notice merely those which are necessary to 
distinguish it from others. This is called the Essential 
Character. A plant may also be described completely, 
beginmng at the* root, and proceeding to the stem, 
branches, leaves, flowers, flniit^ seed, and embryo. Thi^'" 
is not essential, however, for purpose of classifii 
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cation, and would be quite superfluous in that point of 
view. In the character of the classes the important 
poiiits of structure on which they are constituted are 
given. In the character of orders (the ordinal cha- 
racter) we give the general structure of the included 
plants, especially of their flowers and fruit. In the 
generic character wo notice the modiflcation of the 
ordinal character in a given genus — the character being 
taken from the parts of the flower and fruit, as in the 
order. In the speciflc character are included certain 
less important modifications of form, whether in the 
stem, leaves, or flowers, which serve to distinguish allied 
species. 

The essential character of a genus, when given in 
Latin, is put in the nominative case, that of a species 
in the ablative. The names of the closes are variously 
derived, according to the views of the authors in regard 
to classification. They express some points of struc- 
ture or development which are of marked Importance 
or permanence. The orders are named from some 
characteristic genus included in them, except in arti- 
ficial methods, where some organ is taken as the means 
of distinction. Genera are derived either from the 
Latin name of one of the species, from the structure or 
qualities of thi6 included species, or from the name 6f 
some botanist, etc. llius Prunus is a genus including 
the plum, the sloe, etc. ; Eosa, the rose ; Papaver, the 
poppy Hookeria is a genus named after Hooker ; 
lithospermum, from two Greek words signifying a stone 
and seed, is given to a genus, the species of which have 
hard stony achenes. ' 
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In giving the name of a plant, we mention its genus 
and species. Thus the common Dog-rose is called 
Rosa canimy the first being the generic name, the 
second the specific. Specific names may indicate the 
country in which a plant is found, the locality in which 
it gro;tvs, the form of its roots, stem, or leaves, the 
’ colour of its flowers, etc. A species named in honour 
of its discoverer or describer has the specific name 
usually in the genitive, as Veronica Jacquini named 
after Jacquin. When the name is given in compliment 
to a botanist, without reference to. the discovery, then 
the specific name, is in the adjective form, as Veronica 
Lindleyana, Sometimes a generic name is used spe- 
cifically, and tlien it is put as a noun after the genus, 
with a capital letter, and the two names may not agree 
in gender j thus we have such names as Oratmgiis 
Oxyacantha^ ^thusa Cynapium^ Vihurnum Opulus, 
Veronica Ghamcjedrys, To the genus and species are 
added certain letters indicating the botanist who founded 
them. Thus Valeriana, L, is the genus Valerian, as 
constituted by Linnceus; and Valeriana officinalis, L, 
is the official Valerian as described by linnaBUS ; 
Oxytrqpis, DC., is the genus so called by De Candolle. 

QUESTIONS. 

1 . What idea guides us iu the grouping of plants ? 

2. What is meant by a species ? Give an example. 

3. What is meant by a variety ? Give an example. 

4. Wiat is meant by races^of plants ? Give an ex- 
iample. 

5. . What is meant by a genus ? Give an example. 



192 


CLASSIFICATION. 


6. What is meant by an order f Give an example. 

7. What is meant by a sub-drder ? Give an example. 

8. What is meant by a class ? 

9. What is meant by a sub-class ? 

10. What is the origin of the cultivated cabbage, cauli- 
flower, and greens ? 

11. How is cauliflower produced? What is the part 
of the plant used for food ? 

12. What is meant by the essential character of a 
Species or genus ? 

13. What is meant by the letter or letters placed after 

a genus or species ? . 

1 4. Give an instance of a generic name. 

15. Give an instance of a specific name. 
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SYSTEMS OP CLASSIFICATION. 

There are two systems pursued in the arrangement 
of plants ; one is called the Artificial method, and the 
other the Natural method. The higher divisions of 
classes and orders in these systems are founded on 
entirely different principles, while the genera and species, 
or the minor divisions, are the same in both. The 
genera and species are very differently arranged in the 
two systems. In artificial methods one or two organs 
are selected in an arbitrary manner, and they are taken 
as the means ' of forming classes and orders; while in 
the natural method plants are grouped according to 
their alliance in all their important characters. Plants 
belonging to the same class and order in tlie former 
system may have nothing in common except the number 
the stamens and pistils, or the form of their flowers, 
or some other arbitrarily-selected character ; while in 
the latter, plants in the same class and order are related 
by tiue affinity, and correspond in all the essential 
points of their structure. When a student knows the 
artificial class and order to which a plant is to be re- 
ferred, he does not thereby become acquainted with its 
structure and properties ; pldlhts diametrically opposed 
in , these rei^ects may be associated together. When 

" o 
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he determines, on the other hand, Ihe place of a plant 
in the natural system, he necessarily acquires a know- 
ledge of its structural relations and affinities. Hence a 
knowledge of the latter system must be the aim of 
the botanical student. 

L — Artificial Systems op Classification. 

Attempts at an artificial methodical arrangement of 
plants were, made by Csesalpinus, Morison, Eivinus, and 
Toumefort, but the system generally adopted* was that 
of liimajus, founded on the essential organs of repro- 
duction in plants. It is called an artificial method, 
because it takes into account only a few marked cha- 
racters in plants, and does not propose to unite them 
by natural affinities. It is an index to a department'^ 
of the book of nature, and as such is useful to the 
student. It does not aspire to any higher character, 
and although it cannot be looked upon as a scientific 
and natural arrangement, still it has a certain facility 
of application which commends it to the tyro. In 
using it, however, let it ever be remembered, that it 
will not of itself give the student any view of the 
true relations of plants as regards structure and proper-^ 
ties, and 'that, by leading to the discovery of the name 
of a plant, it* is only a stepping-stone to the natural 
system. . 

In the artificial system of Linnseus, plants are 
divided into Flowering and Flowerlessi— the latter 
being included in the twenty-fourth class, under the 
name of Cryptogamia, and the former, or Phanerogamia, 
being divided into twenty-three classes, thtt characters 
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of which are founded on the number, the insertion or 
position, the relative length, and the connection of the 
stamens. Among flowerless plants the orders are 
similar to those of the natural system, while in flower- 
ing plants they are determined by the number of 
the styles, the character of the fruit, the number and 
connection of the stamens in the classes wher^ these 
characters are not already taken into consideration, and 
on the perfect or the incomplete nature of the flowers 
as regards^stamens and pistils. 

The following are the Classes of the linnsean arti- 
ficial system : — 

A. Flowering Plants, Phanerogamia. 

• 1. Stamens and Pistils in every flower. 

1. Stamens unconnected. 

a. Stamens either of equal length, or at all events 
neither didynamous nor tetradyiiamous : — 

1' in number in each flower Class I. Monandria. 
t Examples. — Mai’es-tail, red valerian. 

2 in number in each flower . Cl. II. Diandria. 

Ex. — Speedwell, enchanter’s nightshade. 

3 in number in each flower Cl. III. Triandria. 

Ex. — Iris, grasses. 

4 in number in each flower Cl. IV. Tetrandria. 

Ex. — Lady’s-mantle, bedstraw. 

6 in number in each flower Cl. y. Fentandria. 

' , Ex. — Primrose, violet. 

6 in number in each flower Cl. VI. Hezandria. 

jSh;.— Tulip, lily. 

7 in number in each flower, Cl. VII. Heptandria. 

JS'aj.—Chickweed winter-green. 

8 in number in each flower Cl. VIII. Octandria. 

Ex. — Heath, blaeberry. 

^ in number in each flower Cl. IX. Enneandria. 
• * ^.-Flowering-rush. . 
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Stamens 10 in number in each flower Cl. X. Decandria. 
Ex, — Saxifrage, pink. 

12 to 19 in number in | (JL XI, Dodecandria. 
each flower . 3^ 

Ex, — ^Mignonette. 

20 or more on the calyx. CL XII. Icosandria. 
' Ex, — Rose, strawberry. 

20 or more on the receptacle. Cl. XIII. Polyandria. 
Ex. — Butterenp, poppy. 

h. Stamens differing in length in certain proportions 
2 long and 2 short .* Cl. XIV. Didynamia. 
Ex. — Dead-nettle, frogsmouth. ^ 

4 longed 2 short (flower ) xV. Tetradynamia. 
cruciform) . . ) 

Ex. — Wallflower, shepherd’s-purse. 

2. Stamens connected — 

By their filaments in one | xvi. 

parcel or tube . . 3 

Ex. — Geranium, mallow. • ^ 

By their filaments in two V 
parcels, usually papili- > Cl. XVII. Diadelphia. 
onaceous . . . ) 

Ex. — Vetch, clover. 

By their filaments in ) Cl xvmT pdyadelphia. 

three or more parcels. 3 • 

Ex. — St. John’s wort. 

By their^anthera (eom- 1 xiX. Syngenesis, 
posite flowera) . . ) 

Ex. — Dandelion, daisy. 

With the pistil on a column. Cl. XX. Gynandria. 

. Ex. — Orchis. 

II. Stamens and pistils in separate flowers— 

On the same plant . Cl. XXI. Moncecia. 
Ex, — Hazel, sedge. 

% On two separate plants . Cl. XXII. Dicecia. 

. Ex . — ^Willow, poplar. 

III. Stamens and pistils in 'the same v 

and in separate flowers on the > Cl. XXIII. Polygaihia. 
some or on separate plants . ) 

, JShs. — Orache, sea-purslane. 4 . , 
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B, Flowerless Plants. 

Oi^ns of reiffoduction in- 1 Cryptogamia. 

conspicuous. . . . ) 

JESk.— F erns, seaweeds. 

The following are the Orders of the linnaean system. 
In the first thirteen Classes the number of free styles 


determines the Order. 


Glass 




r Order 1. Mondgynia . . . . 

1 free style. 


Examples. — Primrose, speedwell. 


2. Digynia . . . . 

2 free styles. 


Ex. — Pink, grasses. 



3. Trigynia 

3 

I. 

Eoe. — Cliickweed, sandwort. 


II. 

4. Tctragynia . . . . 

4 „ 

III. 

Ex. — Herb Paris. 


IV. 

5 . Pentagynia 

5 

•V. 

JEte.— Stonecroi), campion. 


VI. 

6. Hexagynia 

0 

VIL 

1 Ex. — Flowering rush. 


VIII. 

. 7. Heptagynia 

7 

IX. 

Ex. — Septas. 


X. 

8. Octogynia .... 

8 

XI. 

9. Enneagynia 

9 

XII. 

10. Decagynia 

10 

XIII. 

Ex, — Phytolacca. 



11. Dodecagynia 

Ex. — Houseleek. . 

11 to 19 


12. Polygynia . . . . 

20 or more. 

1 

JEr.— Strawberry, crowfoot 



In Classes XIV. and XY. , the Orders are deter- 
mined by the fruit, 

Gliws # Order 1. Gymnospermia . . Fruit, Achenes. 

XIV J — ^®c«d’^®ttle, mint. 

} 2. Angiospermia . . Fruit, Capsular. 
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Class 

XV. 


' Order 1. Siliculosa . . . Fniit, a Silicnla. 

Ex. — Scurvy-grass, shepherd’s-purse. 

2. Siliquosa . . . Fruit, a Siliqua* 

Ex. — Wallflower, mustard. 


In Classes XVI. XVII. and XVIII., the Orders are 


determined by the number of stamens, as in some of 
the Classes. 

Class ( Order Pentandria . , .5 stamens. 

Ex . — Passion-flower. 

Decandria . . .10 „ 

Ex. — Geranium. 

Polyandria . . . Numerous stamens. 

L Ex. — Mallow. 



XVII. 

XVIII. 


XIX.* i 


Order Hexandria . . .6 stamens. 

Ex. — Fumitory. 

Decandria . . .10 „ 

Ex. — Broom, pea. 

Order Polyandria . . . Numerous stamens. 

jSfe.— St. John’s wort. 

Order 1. Polygamia tequalis, florets ajl ^ . 

Ex. — Dandelion, chicory. 

2. Polygamia superflua, florets of the disk ^ ; 

those of the ray 9 , but fertile. 

Ex. — Daisy, Aster. 

3. Polygamia frustranea, florets of the disk ^ ; 

those of the ray abortive. 

Ex.’—Qotu. blue-bottle. 

4. Polygamia necessaria, florets of the disk 5 ; 

those of the ray 9 , and fertile. 

Ex. — Marigold. 

5. Polygamia segregata, each floret having a 

separate involucre. 

Ex. -Globe-thistle. 


In Class XX. the Orders are founded on the 
number of the stamens. 

* For an explanation of the symbols in th^ Idth and .23d 
Classes, see p. 138. • V 
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Class 


XX. 


Order Monwdria 

Ex, — Orchis. 
Diandria . 

Ex, — Stylewort. 
‘ Hexandria 

JKc.— Birthwort. 


1 stamea. 


2 Btameas. 


In Classes XXI. arid XXII. the Orders are founded 
on the number as well as on the union of the stamens. 


Class 


XXL A 


XXII. 


('Order Diandria 

Ex, — Duckweed. 
Triandria 
Ex. — Oarex. 
Tetrandria . 

Ex. — ^Birch, alder. 
Hexandria . 

Ex. — Coco-nut. 
Polyandria . 

Ex. — Oak, chestnut. 
Monadclphia . . 

Ex. — Fir, spruce. 

^ Order Diandria . 

JSic.— Willow. 
Tetrandria . 

Ex. — Nettle. 
Hexandria . 

Ex. — Black bryony. 
Polyandria . 

Ex. — Poplar, cycas. 
Monadelphia . 
jKc.— Yew. 


2 stamens. 


Numerous stamens. 


2 stamens. 


4 ^ 


. Numerous stamens. 
Stamens monadelphous. 


In Class XXIII. the Orders are founded on the 
fact of the .perfect, staminate, and pistillate flowers 
being all on one plant or on more than one. 

Class I Order Monoecia, 9,5* &ud 9 , on the same plant 
Ex. — Sea-purslane, mimosa. 

Dioscia, ^ , 5 , 9 > on two plants. 

Ex. — Fig. 


XXIII. 



200 


LlNNiEAN STSTEAC 


Class t Order Trioecia, , 6 , 9 , on tliree plants. 

XXllI. { — Orache. 

In Class XXIV. the Orders are the same as in the 
natural system. v?. 

1. Filices, ferns. 

2. Musci, mosses. 

3. Hepaticae, liverworts. 

4. Licheues, lichens. 

5. Algae, seaweeds. 

6. Fungi, mushrooms. * 

The. system of Linnaeus, even when regarded simply 
as an index to the vegetable kingdom, is by no means 
complete. The parts of flowers often vary in number, 
and cannot be confined within the strict rules required 
by this method of arrangement ; moreover, unless the 
stamens and pistils are perfect and complete, and the” 
plant is in full flower, it is impossible to deterpiine its 
class and order. When the system is rigidly adhered 
to, we find that species belonging to the same genus 
are separated. Thus, most of the species of the genus . 
Lychnis have ten stamens and five styles in each flower, 
but there is at least one British species dioecious. In 
order, therefore, to keep the genus entire, and not 
separate the species, linnaeus adopted the plan of 
putting Lychnis in the class Decandria and order Pen-* 
tagynia, and under the class Dioecia, order Decandria, 
placing the name of the dioecious species, and referring 
the student to the tenth class for a description. ' In 
this way the genera — ^which axe founded, on natural 
affinities, and are not constructed by a mere arbitral 
method — are preserved in their integrity. All the 
species of one genus are placed together, whether they 


Class f Order 
XXIV. - 
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accord or not with the chaiactirs of the class and 
order ; the place of the genus being determined by the 
characters of the majority of the species. The names 
of the anomalous species are givertin italics/ in the 
classes and orders to which they belong according to 
the linnaean method, and reference is made to the 
description of them as given under the genus. 

♦ QUESTIONS. 

1 . What is meant by an artificial system of classifipatioii i 

2. What is meant by a natural system of classification 'I 

3. Compare these two systems. 

4. On what characters are the Linnsean classes founded i 

5. On what characters are the Linneoan orders founded ? . 

6. Enumerate the classes in the Linnsean system. 

7. Give the characters of the first 1 1 classes. 

8. Give the characters of the 12th and 13th classes. 

9. Give the character of the 14th and 15 th classes. 

10. Give the characters of the 16th, 17th, and 18th 
classes. 

11. Give the character of the 19th class. 

12. Give the character of the 20th class. 

13. Give the characters of the 2l8t, 22d, and '23d 
classes. 

14. Give the character of the 24th class. 

15. In which of these classes may we expect to find 
plants with four stamens ? 

• 16. In which of them may we expect to find plants 
with six stamens ? 

17. Give examples of the Linnasan orders as found in 
the first 13 classes. 

18. Describe the orders in the 14th class. 

19. Describe the orders in the 15th class. 

20.. Describe the orders in the 16th, 17th, and 18th 
classes. 

^1. Describe *the orders in the 19 th class. 
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22. Descri'be the orders in. the 20th class. 

23. Describe the orders in the 21st and 22d classes. 

24,. Describe the orders in the 23d class. 

25. Enumerate the orders in the 24th class. 

• * . ■ 

II.— -Natural System op Classification.^ 

In arranging plants according to the Natural System, 
the object is to bring together those which are allied 
in all essential points of structure. Ifr is called natural, 
because it professes to follow the system of Nature, and 
thus takes into account the true affinities of plants on 
a comparison of all their organs. One of the first 
natural methods of classification was that proposed by 
Eay about 1682. He separated fiowering from flower- 
less plants, and divided the former into Dicotyledons 
and Monocotyledons. His orders were founded on 
correct views of the affinities of plants, and he far out- 
stripped his contemporaries in his enlightened views of 
arrangement. He may be said to have laid the founda> 
tion of that system which has been elucidated by the 
labours of Jussieu, Do Candolle, Brown, Lindley, End- 
licher, and others. 

In arranging plants according to a natural method, 
we require to have a thorough knowledge of structurqji 
and morphological botany, and hence we find that th‘e 
advances made in the latter departments have materially 
aided the efforts of systematic botanists. We may re- 
gard plants in various points of view, either with refer- 
ence to their elementary tissues, their nutritive or their 
reproductive organs. The first two are the most im- 
portant, as being essential for the life , of individuds. 
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while the latter are concerned in the propagation of 
the species. These sets of organs bear a certain rela- 
tion to each other, and we hnd that plants may be as-< 
sociated by a correspondence in all ^f them. In com- 
paring the characters of plants, we must take care that we 
contrast organs belonging to the same class of functions, 
and the value of the characters must depend upon the 
importance of the functions pe]:formed by the organs. 

Cellular tisshe is reckoned of the highest value, as 
being of universal occurrence, and. as carrying on, in 
many instances, all the functions of plants. In con- 
sidering the elementary tissues alone, we divide all 
plants into Cellular and Vascular — the former including 
the lower tribes of flowerless plants, such as lichens, sea- 
weeds, and mushrooms, the latter including the higher 
flowerless plants with scalariform vessels) and all the 
flowering plants. In the nutritive and reproductive 
organs there is nothing which can be considered of the 
same value as cellular tissue. In the nutritive organs the 
embryo occupies the highest place, and by examining it 
we divide plants into Acotyledonous, having no cotyle- 
dons, but occasionally producing a cellular expansion 
(prothallus); Monocotyledonous, with one cotyledon; and 
J)icotyledonous, with two cotyledons. Proceeding to the 
secondary organs in the nutritive class, we And the stem 
is Cellular or Thallogenous, Acrogenous, Endogenous, and 
Exogenous., The thallus is veinless,. the fronds of Acro- 
gens have often a forked venatlpn, the leaves of Endo- 
gensare parallel-veined, and those of Eyogens reticulated. 
In the reproductive system the stamens and pistils oc- 
cupy the highest place, as being the essential organs of 
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flowering plants (Phanerogamia), while peculiar cells 
(antheridia and archegonia) have the same value in 
ilowerless plants (Cryptogamia). Succeeding these 
organs in value comes the fruit, which is either a theca 
with spores, or a pericarp with seed. The floral enve- 
lopes are the next in the series ; they are absent in Cryp- 
togamous plants, and present in Phanerogamous ; their 
arrangement is ternary in Monocotyledons, quinary and 
binary or quaternary in Dicotyledons, 

Wo thus find that, by comparing these different 
organa in plants, we arrive at certain great natural divi- 
sions, including plants which are associated by afiinity 
of structure and function, as exhibited in the following 
table : — 


Cellular Plants 
without Vessels 
or Stomata. 

Vascular Plants 
with Scalariform 
Vessels and 
Stomata. 

Vascular Plants with Spiral Vessels 
and Stomata. 

Acotyledonous | 

Acotyledonous, ) 
with Prothal- > 
lus. ) 

Monocotyle- ) 
donous. ) 

Dicotyledonous. 

Tliallogenous. 

Acrogenous. 

^Endogenous. 

Exogenous. 

No Venation. 

Forked Venation. 

Parallel Vena- 

Beticulated Ve- i 



tion. 

nation. 

Cryptogamou.?. 

Cryptogamous. \ 



Peculiar re- 

Peculiar re- r 

Stamens and Pistils (Phanerota- 

productive 

productive i 

mous). 

*■ 

cells. 

cells. ) 


Tubes (thecoe) 1 
with Spores r 
or naked i 
Spores ) 

Tubes^ with j 
Spores. 1 

Seeds in Seed-vessel or Naked 
(Angiosp’ermous or Gy^osper- 
mous). 

Plowerless. 

1 

PloWerles^ | 

Floral Envelopes 
Ternary. 

Flor. En. Binary, 
Quaternary, or 
binary. 
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It is impossible to represent the affinities of plants 
in a linear series. Different groups touch each other 
at seve^ different points, and must be considered as ^ 
alliances connected with certain great centres. We 
.find also that it is by no means easy to fix the limits of 
groups. There are constantly aberrant orders, genera, 
and species, which form links between the groups, and 
occupy a sort of intermediate position. In this, as in 
all departments of natural science, there are no sudden 
and abrupt changes, bu{ a gradual transition from one 
series to another. Hence exact and rigid definitions 
cannot be carried out. In every natural system there 
must be a certain latitude given to the characters of the 
groups, and allowance must be made for constant ano- 
malies, in as far as man’s definitions are conpemcd. 

Having examined the general principles upon which 
the natural system is. founded, we shall now give a 
sketch of the natural system of De Candolle, which is 
that usually adopted at the present day : — 

Class I.— DICOTYLEDONES, EXOGENAi, in which spiral 
vessels are present ; the stem is exogenous ; 
stomata are present, the venation of the leaves 
is reticulated ; the flowers have stamens and 
pistils, and the symmetiy is quinary and binary 
(or quaternary) ; the ovules are, either in an ovaiy 
or naked ; and the embryo is dicotyledonous. 
In this class there arc included four Sub-classes : 
Sub-class 1. — ^Thalamiflou^. — Flowers usually 
with two envelopes (calyx and corolla, (p. ' 
106), petals separate, inserted on the end of 
peduncle (thalamus), and stamens hypogy- 
noiis. Figs. 276, 277'; also fig. 175, p. 122. 

Hxamples. — Ciyfoots, poppies, crucifers, 
violets, chickweeds, mallows, an^ gera- 
niums. 
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Fig. 276. Fig. 277. 

Sub-class II. — ^Calycifloilb. — Flowers usually 
dichlamydeous, pdtals either separate or united, 
, stamens either perigynous or epigynous. Figs. 
278, 279 ; also .figs. 176, 177, p. 123. This 
sub-class has two sections — 


0 



Fig. 278. Fig. 279. 


1. PolypetcUaif in which the petals are 

separate. Fig. 280. ^ ' 

Examples, — Pea-tribe, rose-tribe, willow- 
herbs, saxifrages, umbelliferous plants. 

2. Gamopetalm (MokopGtal<x)y in which the 

petals are united. Fig. 281. 

Examples. — Madderworts, teazels, valeri- 
ans, composite plants, harebells. 

Fig. 276. — Diagram to illustrate Thalamiiloral DicotyledonsI 
Sepals 8, petals p, and stamens se, all free, and inserted into the 
receptacle r, below the ovary. 

Fig. 277‘. — Flower of a Ranunculus, illustrating Thalamiiloral 
Exogens. The petals are separately inserted on the thalamus, and 
the stamens are hypogynous. 

Pig. 278. — Diagram to illustrate Calycifloral Dicotyledons with 
perigynous stamens. Petals p, and stamens inserted on. the 
calyx c, surrounding the ov^. 

Fig. 279. — Diagram to mustrate Calycifloral Dicotyledons with 
Epigynous stamens. Petals jp, and stamens s, united to the calyx 
c, and all adherent to the ovary o, so as to be above it ; r, receptacle- 
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Pig. 282. Fig. 283. 


Sulhclass III. — CoROLLiPLOiliB. — Flowers di- 
chlamydeous, petals united, corolla liypogy- 
nous. Fig. 282. 

F^. 280. — Flower of Cherry, one of the Rosaceaj, showing a 
Oalyc^oral Exogen, with a polypetalous corolla. 

Fig. 281. — ^Flower of Campanula, showing a Calycifloral Exo- 
gen, with a gamopetalous corolla. 

Fig. 282. — Flower of Primrose, showing a Corollifloral Expgen, 
with l3ie stamens united to the corolla, which is hypogynous. 

Pig. 283. — Flower of (Joosefoot (Chelopodium), showing a Mono- 
chl^mydeous or Apetalous Exogen. 
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Heaths, borage-tribe, potato- 
: tribe, figworts, labhite plants, primroses. 

Sub-class IV. — Monochlamtdilb (no corolla), 
(p. 105), flowers either with a calyx only or 
none. Figs. ^83, 284. In this sub-class there 
are two sections— - 

1. Angiospermmi in which the ovules are 
contained in a pericarp, and are fertilised 
by the action of the pollen on the stigma. 

Examples, — Dock-tribe, laurels, spurge- 
laurels, catkin-bearing trees. 

2. OymnospermaSy in which the ovules are 
not contained in a true pericarp, and are 
fertilised bj the direct action of the pollen 
without the intervention of a stigma, and 
the embryo has numerous cotyledons. 
Fig. 285. 



Fig: 284. Fig. 285. 

Examples. — Cone-bearing trees and 
’ cycads. 

Fig. 284. — Achlamydeous stamlnate flower of Spurge-laurel 
(Euphorbia). Peduncle, p, supporting the solitarystamen, con- 
stituting a staminate flower. 5, Bract. 

Fig. 285.-~Scale of a mature cone of Scotch. Pir, with two 
winged seeds, at the base, the opening and the nWftla7fl. ch, . 
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Class II.— MONOCOTYLEDONES, ENDOGENiE, in which 
spiral vessels are present ; the stem is endogen- 
ous; stomata occur; the venation is usually 
parallel, sometimes slightly reticulated ; the 
flowers have stamens and pistils, and* the sym- 
metry is ternary ; the ovules are contained in 
an ovary ; the embryo is monocotyledonous. 
Under this class are included two sub-classes : 
Sub-clcLss I. — Petaloide^, in which the leaves 
are parallel- veined ; the flowers usually con- 
sist either of a coloured perianth or of whorled 
scales. This sub-class is divided into— 

1. Epiffynce, in which the perianth is ad- 



Fig. 286 . 


Fig. 286. — Monocotyledon (Leucojurn), with the ovary kiferior, 
and the floral envelopes and stamens above the ovary (epigynous). 

' Fig. 287.— Flower of a Monocotyledon, the white lily {LUium 
aUmm ) — ^floral envelopes below the ovary (hypogynous). 
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lierent, the ovary is inferior, and each 
flower has usually stamens and pistil. 
Fig. 286. 

J^xampUs. — Orchids, bananas, iris, 
amaryllis, snow-drop, and snow-flake. 

2. Hypogynm^ in which the perianth is 
free, the ovary is superior, and each 
flower has usually stamens and pistil. 
Figs. 287. 

Examples, — Lily, meadow - saffron, 
rushes, and palms. 

3. Inc€mplelmt flowers incomplete, often 



Fig. 2Si). 


Pig. 28S. — One of the incomplete Monocotyledons. A species 
of Arum, in wliich the stamina^ and pistillate flowers are sepa- 
rate, and are each surrounded by minute scales; a, pistillate 
flower ; 6, staniinate flower ; c, abortive flowers ; d, extremity of 
the spadix. ^ . 

Fig. 2S9.-^Glumiferous Monocotyledon {Triticmi}^ consisting 
of numerous flowers formed by imbricated bracts (see p. 126). 
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staminate and pistillate (pp. 105, 106), 
with no proper perianth, or witli a few 
verticillate scales. Fig. 288. 

Examples . — ^Arums and screw-pines. 
Sub-class II. — Glumiferab, flowers glumaceous, 
consisting of imbricated bracts, venation 
parallel. Fig. 289. 

Examples . — Sedges and grasses. 

Class III. — ACOTYLEDONES, in which the plants arc 
either entirely cellular, or consist partly of sca- 
lariform vessels ; the stem, when woody, is acro- 
genous ; stomata occur in the liigher orders ; 
the leaves are cither veiiiless or have a forked 
venation ; no flowers are present ; the repro- 
ductive organs consist of antheridia and arche- 
gonia ; spores or cellular embryos are produced, 
which have no cotyledons. Under this class 
there are two divisions ; — 



Fig. 200. 


Fig. 290. — ^An Acrogen {Osiminda regaiis), with an axis and 
leaves. The upper part of the frond, /, liars the fructification, s, 
in the form of sporangia and spores. 
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Sub-class I.— Acaogenj!, with a distinct stem, 
bearing leaves and branches. Fig. 290. 

Examples. — Ferns, club-mosses, horsetails, 
and mosses. 

Siib-class II. — Vhallogena, having no distinct 
stem or leaves, but forming a cellular ex- 
pansion of various kinds, which bears the 
organs of reproduction. Fig.' 260, p. 173. 

Examples. — Lichens, seaweeds, and fungi. 


QUESTIONS. 

1. What is meant by the natural system of classifica- 
tion ? Explain its principles. 

2. Give a natural division of plants founded on their 
tissues. 

3. Give a natural division of plants founded on the 
embryo. 

4. Give a natural division of plants founded on the 
stem. 

5. Give a natural division of plants founded on the 
venation of their leaves. 

6. Give a natural division of plants founded on their 
organs of reproduction. 

7. Divide flowerirfg plants according to the number of 
parts in each floral series. 

8. Mention the three great classes of the natural 
system. 

9. Give the characters of each of these classes. 

10. Give an example of each of these classes. 

1 1 . What are the sub-classes of dicotyledonous plants 7 

12. Define each of these sub-classes. 

13. Wi||at are the sections of calycifloral plants? 
Define them. 

14. Give the sections of monochlamydeous plants. 
Define them. 

15. Give the sub-classes of monocotyl^onous plants. 

16. Define these sub-classes. 
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17. ' What are the sections of the petaloid mono- 
cotyledons ? Give their characters. 

18. What are the suh-cla8S|fi of acotyledonoiis plants ? 
Id. Give the characters of tnese sub-classes. 

When farther advanced the pupil should be asked to 
give examples of each of the classes and sub-classes. 



CHAPTEE III. 


CHARACTERS OP THE CLASSES, SUB-CLASSES, AND OP SOME 
OP THE ORDERS 'OF THE NATURAL SYSTEM. 

In this chapter it is proposed to give the characters of 
the classes and sub-classes of the vegetable kingdom 
according to the natural system, and to illustrate them 
by a few of the moffe important orders represented in 
the British flora. By this means the pupil will acquire 
the method which must be followed in referring plants 
to their places. The linnsBan system may be used as 
an index or key to the natural method.. This plan is 
adopted in Babington's Mamal of British PlantSy and 
in Hooker and Amott’s British Flora, Such books as 
these are necessary in determining the names of plants 
met with in the flelds. In 4he present work we shall 
only explain the principles of classification, and give 
examples of the method to be pursued in ascertaining 
the names of genera and species. Those who desire to 
enter into the subject more fully, I would refer to ihy 
Mantuiy)/ Botany or my Outlines of Botany, 

DIVISIOI9’ A.— Phanerogamous (Flowering) Plants. 

CLASS L— DICOTYLEDONES OR EXOGEM. 

This is the largest Class in the vegetable kingdom. 
The plants included in it have a cellular and v^cular 
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system, the latter consisting partly of elastic spiral ves- 
sels (hg. 11, p. 5). The stem is more or less conical, 
and exhibits wood and ^e bark. The wood is exo- 
genous — ie. increases by. additions at the periphery, 
the oldest and hardest part being internal (p. 27) j it 
is arranged in concentric circles. Pith exists in the 
centre, and from it diverge medullary rays (fig. 46, p. 
27). The bark is separable, and increases by additions 
on the inner surface. The epidermis is furnished with 
stomata(fig. 78, p. 52). The leaves are reticulated (fig. 71, 
p. 48), and usually articulated to the stem. The flowers 
are formed upon a binary or quinary type, and have 
stamens and pistils (p. 100). the ovules are either en- 
closed in an ovary (fig. 197, p. 134), and fertilised by 
the application of the pollen to the stigma, or they are 
naked (fig. 285), and fertilised by the direct action of 
the pollen. The embryo has two or more opposite 
cotyledons (fig. 20, p. 13). 

Sub-class 1. — ^THALAMiFLOE-a;. 

Calyx and corolla f^escnt ; petals distinct, inserted 
into the receptacle (thalamus) ; stamens hypogynous (p. 
123). I'he name Thalamiflorse is derived from the 
circumstance that the different whorls of the flower 
(calyx, corolla^ stamens, and pistil) are inserted separ- 
ately on the part called the thalamus, whic|)| is situated 
at the upper end of the flowerstalk (fig. 175, p. 122). 

Various methods may be followed in the arrange- 
ment of the orders under the sub-classes. Wo commence 
with the Eanunculus order, because in it all the 
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parts of the flower — sepals, petals, stamens, and carpels 
— are distinct and separate. It would be impossible, in 
the narrow limits of an elepentary work, to give de- 
scriptions of all the orders of plants. We shall take 
some of the common British plants, and by means of 
them point out the characters of a few of the more 
important natural orders under which they have been 
placed. 


Order EANUNCULAOEiE, the Crowfoot family. Sepals 



Kig. 292. Fig. 293. 'Fig. 294. 


3-6, frequently 5, deciduous (fig. 291, c). Petals 5-15 
(fig. 291, i?e), rarely abortive, sometimes anomalous in 
form (figs. 167, 168, p. 114), occasionally with scales at 
the base. Stamens usually indefinite, hypogynous 

Figs. 291 to 297 exhibit the organs of fnictification of Banun- 
culits acriSf to illustrate the natural order Ranunculaceffi. 

Fig. 291.— Flower cut Vertically, c, Calyx, pe, Petals, e, 
Stamens, jn. Pistil composed of several carpels on an elongated 
receptacle or axis. 

Fig. 292. — Diagram of the flower, showing flve imbricated sepals; 
flve petals alternating with the sepals, indefinite stamens in several 
whorls, and numerous carpels or achenes in the centre. 

Fig. 293. — ^Adnate anther seen on the outer side. The anther 
is in this instance extrorse. In the pseony it is introrse. 

Fig. 294.— Adnate anther viewed on the inside. 
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(fig. 291, e); anthers firmly adhering to their 
stalk (figs., 293, 294); carpels mimerous, one-celled 
(fig. 291, jfn)y usually distinct ; ovaiy containing one 
inverted ovule (fig. 295, or several united to the 
inner edge. Fruit various, either achenes (fig. 296) or 
follicles (fig. 219, p. 146), sometimes succulent. Seeds 
with hard albumen, erect or pendulous ; embryo small 
(fig. 296, e). Herbaceous, rarely shrubby plants, having 
simple, often much divided leaves, with sheathing stalks. 



Fig. 295. 



Fig. 296. 


Juice watery. The plants of the order are found in 
Cold, damp climates, and in the elevated regions of warm 
countries. The order has^arcotico-acrid properties, and 
the plants are usually more or less poisonous. The 
acridity is frequently volatile. It varies in different 
parts of the plants, and at different seasons. 

* To illustrate the order, take the common buttercup, 
which belongs to the genus Eanunculus, and dissect it 

Fig. 295. — ^Vertical section of the ovary o, showing the erect 
ovule g. s, Stigma. 

Fig. 296. — Fruit or achene cut vertically, Pericarp, t, Sper- 
moderm or integument of the inverted seed, p, Perisperm or al- 
bumen, between fleshy and homy. ^ Minute embiyo. 
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cafefuUy. There are three species of Eanunculus called 
in common language buttercups (1.) Ranunculus lul- 


feom, bulbous crowfoot, having its sepals reflexed, flower- 
stalks furrowed, and root bmbous ; (2.) Ranunculus re- 


Pirns, creeping crowfoot, which has a stem with runners. 


its flowerstalks furrowed, its sepals not turned back, and 



Fig. 207. 


its root not bulbous ; (3.) Ranunmlus acris, upright 
meadow-crowfoot, which has its flowerstalks rounded 
(not, furrowed), its sepals not turned back, and its root 
not bulbous. 

Take the bulbous crowfoot, ^ shown in. fig. 297. 
First there is seen the bulb at the base, from 
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whence the roots are given off. This bulb must be 
regarded as a short thickened stem. Erom it the leaves 
proceed upwards and the^ roots downwards. There is 
a cluster of radical leaves; each of these is cut into 
three stalked leaflets, which are again divided into three 
lobes. Then, on the flowerstalks, a' a'", are also seen 
cut leaves with narrower divisions. The peduncle, a', 
ends in a flower, which terminates the first axis ; 
the flower, /", terminates the second axis, a" ; and the 
flower, terminates the third axis, a'". The peduncle 
below the flower is furrowed. The flower consists of 
calyx, corolla, stamens, and pistil. The five sepals of 
the calyx are turned down (reflexed), the five yellow 
petals have a pore at the base covered by a scale ; the 
stamens are hypogynous, very numerous (twenty^ 
or more, indefinite), and consist of filaments and 
anthers which open on the side furthest from the 
pistil (extrorse). The pistil consists of numerous green 
carpels (fig. 295), each containing one ovule. These 
carpels, when ripe, form single-seeded seed-vessels 
(achenes), which do not burst, but fall to the ground 
entire. On making a section of the achene, the single 
erect seed is observed (fig. 296), containing a small 
embryo and a quantity of white nourishing matter (al- 
bumen). Some species of Hanunculus are distinguished 
by the leaves not being divided. 

The Marsh Marigold (Galtha) is like a Eanunculus, 
but it has no corolla (only a calyx with yellow sepals), 
and the fruit consists of seed-vessels (follicles) which 
contain several seeds, and open on the side next the 
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centre of the flower. The mode in which the sepals 
are arranged in the hud is the means of distinguishing 
clematis from anemone. In^he former the aBstivation 
(p. 109) of the calyx is valvate or induplicate, in the 
latter imbricate. 

In some plants — such as monkshood, larkspur, 
columbine, and hellebore — ^the sepals or petals, or both, 
are peculiar, and occur in the form of hollow tubes or 
spurs (figs. 167, 168, p. 114). 

The next Thalamifioral order we shall take is 
also well represented in Britain, having the parts of 
the calyx and corolla, as well as the stamens, separate, 
but the carpels united together. ' 

Order CRUoiFBRiB, the Wallflower and Cress Family 
^(fig. 298). — Sepals 4, deciduous. Petals 4, hypo- 
gynous, alternating with the sepals, deciduous, cru- 
ciate (fig. 307, p. 225 a). Stamens 6, tetradynamous 
(figs. 300, 301), two shorter solitary (fig. 301 c'), 
four longer (fig. 301 c^) in 2 pairs. Green glands be- 
tween the petals and stamens and ovaiy (fig. 301 g). 
Ovary superior, with parietal placentas, which meet id 
the middle, forming a spurious dissepiment (replum) 
(fig. 302 c) j stigmas 2 (300 s). Fruit a siliqua (figs. 
303, 304), or a silicula (fig. 221, p. 147), opening by 
two valves, which separate irom the replum. Seeds at- 
tached in a single row by a short stalk to each side of 
the placentas (fig. 203, p. 136 ) ; no albumen ; efnbiyo with 
the radicle folded upon the cotyledons (fig. 229, p. 153). 
— Herbaceous plants, with alternate leaves, and yellow 
or white, rarely purple, flowers, without bracts. This 
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order is well distinguished by its tetradynamous 



Fig. 298. Fig. 800. 

Fig. 298. — Inflorescence of a cruciferous plant, a kind of mus- 
tard {SiTmpis orientalis). In the young state the flowers are 
corymbose, while in the advanced state they becojne racemose. The 
fruit-pods [siHquo^ are supported on nearly equal pedicels, while 
'the lowest flowers, in Ifteir partially-expanded state, have the 
longest pedicels, and 'thus form a corymb. The plant shows the 
transition from a corymb to a raceme. 

Figs. 299-306. — Organs of fructification of Erysimum lanceolok- 
one of the Cniciferee. 

Fig. 299. —Diagram of the flower,, showing the arrangement of 
four sepals^ four petals alternating with them, six tetradynamous 
stamens, and a siliqua with replum. 

Fig. 300. — Vertical section of the flower, c, Calyx, i?, Petals, 
e, Stamens. . o, Ovary laid open, a. Stigma. 
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stamens and its fruit. Most of the plants belonging to 
this order are European. 

The order has been subdivided into sections, ac- 
cording to the mode in which the radicle of the 
embryo is folded on the cotyledons, as well as accord- 



Fig. 801. 



Fig. 303. Fig. 304. Fig. 306. Fig. 305. 


ing to the nature of the fruit. The distinctive char- 
acters taken from the embryo are minute, but they can 
be seen in the ripe seed on removing the outer.covering. 
As the embryo occupies the whole of the interior of the ' 


Fig. 301. — Fh)wer deprived of its envelopes, c c, Scars left by 
the lull of the sepals. 47 , Glands which are situated at the base of 
the stamens, e', Two shoi-t stamens, e", Four long stamens in two 
pairs, jp, Pistil. 

Fig. 302. — Horizontal section of the ovary, g. Ovules, c, 
Spurious dissepiment (replum) which (^jvides the ovary into two, 
cavities. This replum is formed by the placentas. 

Fig. 303. — Siliqua or long po(L 

Fig. 304. Siliqua with one of its valves removed, in order to 
show the seeds attached to the sides of the replum. 

Fig. 305. — ^Vertical section of the seed. /, Small stajk. t. 
Covering of seed swollen at the nourishing point, c. r, Radicle, 
c, Cotyledons. 

Fig. 306. — ^Horizontal section of the seed, t, Covering of seed, 
r, Radicle, c, Cotyledons with radicle on their back. 
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seed, it appears at once when the coat of the seed is taken 
oE Thus, take the entire ripe seed of mustard as sold 
in the shops, and after soaking it in warm water, re- 
move the outer covering, and the little embryo will fall 
out. By the naked eye, or by means of a lens, the 
cotyledons may be seen folded on the small root (radicle). 
The radicle in other cases lies on the edge pf the coty- 
ledons, which are not folded (fig. 305), while at times 
it lies on the back, of the cotyledons (fig. 306). 

As regards the fruit, there are marked differences 
in cruciferous plants. The pod may be long and nar- 
row (a siliqua), with two valves opening lengthwise, 
when the fruit is ripe, as in wallflower (fig. 203, p. 136) ; 
or it may be short (a silieula), with the partition in its 
broadest diameter, with flat or convex valves, as in 
whitlow-grass (fig. 221, p. 147) ; or it may bo a short 
pod, with the partition in its narrow diameter, on ac- 
count of the valves being each folded, as in shepherd's 
purse ; or .it may be a pod divided by transverse par-, 
titions, each division containing one seed, as in the' 
radish ; and at times the pod is short and contains 
only one seed, as in woad. In books describing British 
plants you will find Crucifcrse systematically arranged 
according to these characters, 

' There are no poisonous plants in the order. Many 
of the most common culinary vegetables belong to 
it, such as cabbage, cauliflower, turnip, radish, cress, 
horse-radish, etc. They contain much sulphur and 
nitrogen, and, on this account, when decaying, give off a 
disagreeable odour. Many garden flowers, such as wall- 
flower, stock, rocket, and honesty, are found in this order. 
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Many common weeds serve as illustrations. Let us 
take the common wallflower {Chdranthvs Chein). It 
is a somewhat shrubby plant, growing often on rocks 
and walls. The leaves are narrow and tapering to each 
end (lanceolate), not divided, and covered with closely- 
appressed hairs, which, when examined by the lens, are 
found to be forked (p. 53). The flowers are on stalks, and 
their inflorescence is a raceme (p. 95), or a corymb 
(p. 96). The sepals are 4, erect, and 2 of them are 
enlarged at the base. The petals are usually yellow, 4,- 
arranged crosswise, with the lower part (claw) narrow, 
There are 4 long and 2 short stamens, which are hypo- 
gynous. The fruit is a siliqua (fig. 203, p. 136), with 
a short style surmounted by^a stigma, which has 2 
spreading lobes. The radicle of the embryo lies at the 
edges of the 2 cotyledons, marked thus O =, where O is 
the radicle, and = the cotyledons. 

The common stock {MMhiola) differs from the wall- 
• flower chiefly in having the lobes of the stigma not 
spreading, and either thickened at the back, or with a 
horn at the base. 

The common mustard of the fields {Sinapis arvensis) 
is another cruciferous plant, with a siliqua which can be 
easily examined ; so also white mustard (Sinajns alba), 
as seen in fig. 307. The cruciform flower a, the long 
hairy pod or siliqua with its sword-like beak 5, and the 
seed c, are delineated. There is also a figure of JSinqpis 
orientalie (fig. 298). 

To illustrate the division with short pods and, a 
broad replum, take the common scurvy-grass of the sea- 
shore [Cochlearia officinalis). In this plant the radical 



ORDER CRUCIFERS. 


225 


leaves are somewhat kidney-shaped and stalked, while 
those of the stem are oblong and have no stalks. The 
ilowers are white. The pod is ovaL or globular ; its 



Fig. 807. 


valves very convex, with a prominent rib in the middle ; 
the seeds are numerous. The plant called honesty in 
gardens shows this division well. In the shepherd's- 
porse {papsdla Buraorjpaatoris) you have an example of 

Fig. 307.— White mustard plant (Smnpia aVba)^ with crucifonn 
calyx and corolla a, hairy siliquas d, and seed c. 

Q 
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the division in which the plants have short pods and a 
narrow replum. The radical leaves — ^.e. the leaves 
at the base— -are often pinnatifid (p. 65), the upper 
ones embrace the stem ; the leaves are very varied in 
th4r form. The flowers are small and white. The 
&uit is a triangular silicula, with a heart-like division 
at its apex (obcordate). The valves are boat-shaped, 
and not winged as in penny-cress (Tlilaspi). The 
seeds, are many and attached to the narrow replum. 
The jointed charlock or wild radish of the corn- 
fields (Raphanus Raphanistrum) shows a peculiar 
jointed or beaded siliqua, each of the joints containing 
one seed. 

We next take a family in which there are marked ir- 
regularities in the flower, and a cohesion of the stamens, 
which at once separate it from those already illustrated. 

Order ViOLACBiB, the Violet Family. Sepals 5, 
persistent, usually elongated at the base. Petals 5, un- 
equal, lower one spurred (fig; 309). Stamens 5j anthers 
2-celled, cohering, with a prolongation at the top and* 
two projecting processes below (fig. 310). Ovary uni- 
locular ; style single, slightly curved, with an oblique 
hooded stigma ^fig. 310, s). Fruit a S-valved capsule, 
opening by three valves, placentas on the middle of 
the valves (fig. 311). Seeds numerous; embryo 
B^ght in the axis of fles% albumen (fig. 312). Herbs 
or shrubs, with alternate, rarely opposite, leaves, having 
persistent stipules. They are natives of Europe, Asia, 
and America. 

To illustrate this ordeir, take the common wild pansy 
(Viola tricolor). This species is the origin of all the 
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cultivated varieties of pansy. The stem is angled and 
branched, and bears oblong crenate (p. 65) leaves ; the 
stipules are pinnatifid, with a large lobe at the end 



• m V 

Fig. 310. Fig. 311. Fig. 312. 


(fig. 1 16, p. 69) j the sepals are 5, and they are prolonged 
at the base so as to project downwa^s ; the corolla 

Figs. 808 to 312 illustrate the^uatural order Violaceie. 

Fig. 308. — ^Diagram of the flower of the Pansy, having five 
i^epals, five petals, five stamens with appendages, a three-valved 
fniit with parietal placentas. Fig. 309. — Section of the flower of a 
Violet, shoiK^g the spurred petal, with a stammal appendage within 
it, and the 6tary with numerous ovules. Fig. 310. — Five stamens 
of a Violet uniM by their anthers, fiwo of them with long filiform 
appendages, ay obliquely hooded stigma in the centre, s. Fig. 311, — 
Fruit of the Pansy opening in a loculicidal manner by three valves. 
Seeds numerous in the middle of the valves. Fig. 812. — ^Anatropal 
seed of the Pansy cut vertically, showing the straight embryo, j»?, 
with the cotyledons, cot^ in the midst of albumen, of. The hilum 
is marked ^ the chalaza and the raphe r. 
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consists of 5 petals of different skes^ the lower one 
having a hollow spur ; the stamens are 5, united by 
their anthers, and two of the lobes send long pro* 
cesses into the hollow spur of the corolla. The uppier 
pemls are purple, the lateral bluish, and the lower one 
yellow, hence the name tricolor (three-coloured). There 
are several other species of British violet, such as the 
dog-violet, the wood-violet, the hairy violet, the March 
violet, and the sweet violet. They are distinguished 
by their leaves, stipules, peduncles, and antherine 
spurs. 

The next thalamifloral family to which we call 
attention/ is one which contains many common weeds 
found in the garden, the fields and woods, as well as 
by river-banks and road-sides. 

Order Caryophyllacel®, the Carnation and Chick- 
weed Family. — Sepals 4-5 (fig. 313)> separate, or 
united in a tube (figs. 314 c, 323 c), persistent — i.e, re- 
maining after the flower withers. Petals 4-5 (fig. 323^), 
with a claw often bifid or bipartite. Stamens (fig. 314 e) 
usually double the number of the petals. Ova-ry single, 
often stalked ^g. 314 g), composed of 2 to 5 carpels 
(fig. 315), which are usually united by their edges ; 
stigmas 2-5 (fig. 314 s). Capsule unilocular (figs. 321, '. 
316, 2) 2-6-valved, opening either by l^^ves, or niQ^pv 
commonly by twice as many teeth as stigmas (figs. 
316, 318, 320) j placenta in the axis of the fruit (fir. 
316, 2, j?). Seeds numerous, with mealy albumen, and 
the embryo sumundingit (fig. 317). — Herbs, with op- 
posite, entire, exstipulate leaves, and definite inflorescence 
(figs. 319, 320 ; and 136, p. 92). They inhabit chiefly 
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temperate and cold regions. The order has been 
divided into two sub-orders — viz. 1. sepals dis- 

tinct (fig. 319) ; 2. SilenecBf sepals cohering (fig. 



Fig. 314. 


Fig. 315. 


The plants of the order are usually insipid. The 
greater part of them are weeds, but some are showy 


Figs. 313 to 31£l. — Illustrations of the natural order Caryo- 
phyllacese. 

Fig. 313. — ^Diagram of the flower of SteUoma medidt common 
Chickweed, belonging to the natural order Caryophyllacese, sub- 
order Alsinese. 'Hie flower consists of five imbricate sepals, five 
alternate petals, five stamens, a unilocular ovary, with a free central 
placenta, and numerous ovules. . 

Fig. 314. — Section of thd flower of DianUms CaryophyUus^ Car- 
nation, belonging to sub-order Silenese. c, Gamosepalous calyx ; 

petals, coh^ering with the stamens at the base ; stamens ; 
9% gynophore or thecaphoro— the stalk supporting the ovary; 
0 , ovary with central placenta and ovules ; a, two stigmas, which 
have papillm all along their inner surface. 

Fig. 316.—- Horizontal section of the ovary in a very young 
state, showing the partitions, c c, which divide the ovary into two 
cavities. These divisions ultimately disappear, leaving the pla- 
centa^ Pf bearing the ovules, free in the centre. 
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garden flowers. To the latter belong the varieties of 
carnation or clove-pink> picotees, bisarres and flakes, 
and numerous species of pink and campion. 

^The -order Caryophyllacese may be illustrated by 
many common British plants. In the sub-order Al- 
sineas we meet with the common narrow-leaved mouse- 
ear chickweed {C&rastium trivial^. The stem is 
hairy and viscid, and bears leaves somewhat lanceolate 
in form. The inflorescence is a definite corymb — ^the 


n> 



Fig. 310. Fig. 31T. JFlg. 318. 


central flower expanding first, and each axis dividing 
into two. The calyx consists of 5 sepals, which are as 
long as the small flower-stalk and the corolla, but only 
about half the length of the curved &uit. Petals are 
5, cloven ; stamens 10, inserted below the ovary ; pistil 

Fig. 31 6. -Capsule of Lychmis OHha/go at the period of de- 
hiscence, when the pericarp separates into five valves or teeth at the 
summit. 1, The capsule entire. 2, Capsule cut vertically, to show 
the seeds, grouped in a mass, on a free central placenta, p. 

Fig. 81 7< — Se^. 1, Entire seed. 2, Seed cut vertically, 
f, Spermoderm, or covering of the seed, e, Peripherical embryo, 
surrounding the mealy albumen, jp. 

Fig. 318. — Capsule or dry seed-versel of triMU, 

after dehiscence, a. Persistent cal]^ jp, Pericaip dividing at the 
apex, V, into ten teeth, which indicate the summits of as ^many 
valves united below. * • 
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composed of 5 united carpels, with 5 styles. Fruit 
opening at the top by 10 teeth. The mode of 
inflorescence is seen in flgs. 319, 320, which show 
the flower-stalk and flower of two other species of 
Gerastium j and the seed-vessels are seen in figs. 321, 322 . 



Fig. 819. Fig. 820. 


Another plant common in woods, which illustrates 
this division of the Caryophyllacese,, is the greater stitch- 
wort {Stellaria Holostea). It has a nearly erect stem, 
with sharp and rough angles, and bears lanceolate leaves 
drawn out into a point, placed opposite to each other. 

Pig. 819. — Inflorescence of Cerastium grandifUyrmis hhh, Op- 
posite bracts produced dt each of the branchings. The letters, te 
accented, mark the primary, secondary, tertiary, and quaternar>' 
a^. Thid primary axis, ends in a flower which has passed into 
fruits Inflorescence determinate. Evolution of flowers centrifuged. 

Fig. 820.-«Inflorescence of Cerastium tetrandrum. Letters 
have the same meaning as in the last figure. In the quaternary 
axis, a”", the inflorescence becomes latei^ by the non-development 
of the flower-buds on one side. 
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The flowers are large and white; calyx of 5 sepals; 
corolla of 5 deeply^cleft peials> which are twice as long 
as the septds ; stamens 10 ; pistil with 3 styles, and 
capsule opening with 6 teeth. The common chickweed 
{Stellhria media) is distinguished by its ovate or egg- 
shaped leaves. 

In the sub-order Silenese, the plant most easily 
examined is the common red campion {^chnis dioica). 



Fig. 321. Fig. 322. ^ Fig. 323. 


In this case we meet with staminate flowers on one 
plant and pistillate flowers on another plant. The 
plant is therefore called dioecious. It has a stem 1-2 
feet high, bearing ovate acute leaves. Inflorescence 
definite. Sepals 5, united. Petals 5, pink-coloured, 

Fig. 821. — Pistil of Cerastiwm Mrsutum cut veiii^y. o, Uni^- 
locular or oue-celled ovary, p. Free central placental OVules. 

Styles. 

Fig. 822. — ^The same cut horizontally, and the halves separated 
so as to show the interior of the cavity of the ovary, o, with the free 
central placenta, p, covered with ovules, g, . 

Fig. 828. — Polypetalous flower of Lianthm vumfpeBSfuUmua. 
h. Scales at hose of calyx, c, Calyx, p p^ Petals with &eir claws ; 
o, approximated. . ' * 



ORDER MALVACEAE. 


233 


cleft, and with a crown — i.e, scales near the upper part 
of the petals. Styles in the pistillate flower, 3. Cap- 
sule opening by 10 recurved teeth (fig. 222, p. 147). 
Placenta in the axis covered by numerous seeds (figs. 
321, 322). The common pink (Diantlius) is distin- 
guished by its 2 styles, seed-vessel opening by 4 teeth, 
and scales at the base of the calyx. These characters ^ 
are shown in the carnation (figs. 323 ; 136, p. 92). 
The catchfly \SUem) has 3 styles and 6 teeth in its 
seed-vessel. 

We now pass to two orders which call for attention 
on account of the cohesion of the filaments of the 
stamens by which the plants become monadelphous. 
The orders are the mallow and the geranium family. 



Fig. 3-24. 



Fig. 325. 


Order Malvaob.®, the Mallow Family. Sepals 5 
(fig. 324), more or less cohering at the base (fig. 326 c), 


Pigs. 824-836. — Organs of fructification of Malva sylvesirist to 
illustrate the natural order Malvaceae; 

Fig. .824. — Flower showing five petals, monadelphous stamens, 
peduncle or flowerstalk, and two stipules, s (leaf being removed). 

Fi g. 825.— ^Diagram of the flower, showing the different whorls 
or verticils ; five valvate or induplicate sepals, five twisted petals, 
indefinite monad^phous stamens, and united carpels. 
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with valyate sestivation, often bearing an external 
calyx (ejJWJaZya;) (fig, 326 i). Petals equal in number to 
the sepals ; twisted in the bud. Stamens numerous 
(fig. 326 a), filaments monadelphous (figs, 326 179, 

p. 124) ; anthers 1 -celled (fig. 327), kidney-shaped. 



Fig, 326. Fig. 830. Fig. 351.' 


opening round the upper margin. Ovary formed by 
the union of several carpels round a comfiion axis (figs. 
328, 333 o), either distinct or cohering ; styles as many 
as the carpels (figs. 326, 333 s), united or firee. Fruit • 
capsular ; carpels one or many seeded, sometimes closely 
united, at other times separate or separable (figs. 328, 
329) ; embryo curved (fig. 330) ; cotyledons twisted 
(fig. 332). — Herbaceous plants, trees or shrubs, with 

Rg. 326. — ^Vertical section of the flower, i, Epicalyx, or in-" 
volucre; c, calyx; j), petals; t, tube of monadelphous stamens, 
forming an arch aboye the ovary, o, and united at the base to the 
petals ; a, anthers at the summit of the filaments, free ; a, 'styles 
free at the summit, united below. 

Fig. 327. — Beniform one-celled anther, opening along the edge, 
separated with the upper part of the filament. 

Fig. 828.— Frui^ surrounded by the persistent calyx, c, con- 
sisting of whorled caipels united together by the axis, a. 

Fig. 329. — A separate carpel viewed laterally. 

Fig. 330.— Curved embryo. Fig. 331.— ExalbmninouB Seed. 
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alternate stipulate leaves (fig. 334 s), more or less 
divided, and often with stellate hairs (hg. 88 5, p. 54). 
They are found chiefly in tropical countries, and in the 
warm temperate zone. The plants of the order are 



Fiff. 333. ^ Fig. 334. 


wholesome, and yield mucilage. Some furnish mate- 
rials for cordage, others supply cotton. 

The maUow order is illustrated by the common 
mallow {Malva sylvestris). The stem of the plant is 
from 2 to 3 feet high, and is branched, bearing kidney- 
shaped leaves which have from 5 to 7 deep lobes and 
hairy stalks with stipules (fig. 834 s). The flowers come 
off three and four together (fig. 334). The flower-stalks 

Fig. 832. — Section of the embryo, to show the doubled coty- 
ledons of the Mallow family. 

. Fig. 333^— Pistil of MoJm Alcea, o, Nine OTaries, united so 
as to fom one. ^ Column formed by nine styles united to near their 
summit^ where they diveige and separate. Each of the divisions of 
the style Is terminated by a stigma, s. 

Fig. 384.—- Cymose ai^laiy cluster of flowers (fascicle) of Malm 
wjfifKMnSt common mallow. 
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are haiiy. The outer calyx is composed of three leaves. 
The calyx is divided into 5 segments (5-cleft) (fig. 
328 c). The corolla is large and purple, and consists 
of 5 obcordate petals (fig. 334 j?), which are twisted 
before they expand. The stamens are numerous, united 
by their filaments (monadelphous) (fig. 326). The an- 
thers are kidney-shaped and 1 -celled, opening round the 
margin (fig. 327). The pistil consists of many one- 
seeded carpels arranged in a ci^e^round the axis (fig. 
328). The fruit is wrinkled in a net-like manner. 
Other species are the round-leaved mallow and the 
music-mallow. The marsh-mallow (AUhoeob) is distin- 
guished by its outer calyx being 6-9 cleft ; while the 
tree-mallow {Lavatera) is separated by having a 3- 
lobed outer calyx. 

Order Geranuce^, the Cranesbill Family. Sepals 
5, persistent (figs, 336, 337 c c). Petals 5, with twisted 
aestivation (figs. 335, 337 pp). Stamens (fig. 337 e e) 
monadelphous, twice or thrice as many as tUo petals. , 
Ovary pf 5 carpels, placed round an elongated axis, a 
beak-like process (hence the name cranesbill) (fig. 338 
a a); styles 5, cohering round the axik Fruit formed 
of 5 one-seeded seed-vessds, terminated each by an in- 
durated style, which curls upwards, carrying the case 
with it (fig. 336). Seeds exalbuminous, solitary, with a 
curved folded embryo, and plaited cotyledons. — ^Herbs 
or shrubs with simple, stipulate leaves, which' are 
either opposite, or alternate with peduncles opposite to 
them. They are distributed over various parts of the 
world. The species of pelargonium abound at the 
Cape of Good Hope. The name cranesbill is derived 
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from the long beak-like prolongation of the axis, or 
what is called the carpophore (fig. 336). Pelargonium 



is distinguished from geranium by irregular petals, and 
a thickened prolongation from the hpper sepal along 

. Figs. 335 to 338 illustrate the natural order Gerauiaceae. 

Fig. 336. — Diagram of the flower of a Geranium, with five im- 
hricate. sepals, five twisted petals, ten perfect staineiis in two rows, 
and an outer row of abortive stamens, five bi-ovular carpels forming 
the ovary. 

Pig. 836. — Fruit of a Geranium, showing the five one-seeded 
(monospermal) ripe cupels separating from the base of the long beak- 
like process, and curving up by means of the styles, which remain 
adherent to the upper part of the beak. 

Fig. 837.— -Bud of polypetalous corolla of Geranium eiriaium^ 
exMbiting the stamens, e e, at first longer than the petals, p^p. 
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the flower-stalk. The species of ^iargonium are re- 
markable for the beauty of their flowers ; and by the 



Fig. 338. 


art of the gardener many fine varieties have been 
produced. ^ . 

Fig. 338. — Branch of a species of Oranesbill (Oemmum 
robeTtianvm)^ shovring at a a the beak-like process projecting be- 
yond ^e flower, to iriiich the carpels are attached. 
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There are twelve species of British geranium. They 
have peduncles bearing two flowers, with the exception 
of the bloody cranesbill {Geranium sanguinmiri), which 
has one-flowered peduncles. Some of them are annual, 
some perennial. Those with a perennial root-stock 
may bo illustrated^y the wood-cranesbill {Geranium 
sylvaticum). It has an erect stem 1 to 3 feet high. Its 
leaves have 5 to 7 deep lobes, which are cut and serrate. 
Its flowers are produced%i a corymbose manner. Calyx 
has 5 awned sepals, ^"^orolla has 5 large purple petals, 
which are obovate and slightly notched, and the claws 
of the petals are bearded. Stamens are 10, united by 
their fllaments. Its 5 styles are united round the 
central axis dr beak, and when the fruit is ripe, the 5 
carpels which surround the base of the beak separate 
from each other, and are raised up by the recurved 
styles (flg. 336), and open on their inner side so as to 
scatter the seeds. Among the species which are 
annual, Hi^ay be noticed stinking cranesbill or herb- 
Ilobert {Geranium rohertianum), (fig. 338), very 
common in' woods, and having a disagreeable smell. 
Its stem is spreading, red, and brittle. Its leaves 
are divided into 2, 3, or 5 leaflets, which are again cut 
into segments. Its calyx is hairy. Claw of the petal 
smooth, and carpels transversely wrinkled, with seeds 
not dotted. 

The genus Erodium {StorlcsliV) is distinguished 
by having hairs on the inside of its recurved styles, 
while geranium has none. 
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QUESTIONS. 

1, What is meant by phanerogamous plants ? 

'2. Give the character of the class Dicotyledones. 

3. Define ThalamiflorsD. 

4. Give the essential characters qS the natural order 
Kanunculacese. 

5. Describe the fruit of the crowfoot family. 

6 . How does the position of the seed differ in crowfoots ? 

7. How do the anthers of cfowfoots open 1 

8. What are the species of ramlfffetdus called buttercups ? 
Separate them from each other. 

9. Mention some of the Banunculacese in which the 
corolla is wanting. 

10. Mention some irregularities in the petals of the 
crowfoot order. 

11. Give the essential characters of Crucifer®. , 

12. Mention the kinds of fruit which are met with in 
the cruciferous order. 

13. What is contained in the seed of cpicifers ? 

14. Mention peculiarities iii regard to the embryo of 
Cracifer®. 

15. On what characters are subdivisions of the order 
Crucifer® founded ? 

16. Mention a few cruciferous British plants. 

17- Give the essential characters of Violace®. 

18. Mention a peculiarity in the petals. 

19. Mention some peculiarities in the stamens. 

20. What is the nature of the stigma ? 

21. Define Caryophyllace®, and, mention some plants 
found in the order. 

22. What are the subdivisions of the chick weed orcler ? 
Give their characters. 

23 . Explain the mode in which the seed-vessels of carna- 
tion and the red campion open. 

24. What relation do the valves or teeth of the seed> 
vessels of Caryophyllace® bear to the styles ? 
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25. What kind of inflorescence occurs in the chickweed 
or carnation order ? 

26. Describe the nature of the placenta, and the position 
of the embryo in that order. 

27. Give the essential characters of Malvacece. 

26. Is there any peculiarity in the calyx ? 

29. Give the sestivation of the corolla. 

30. Give the character of the stamens of mallows. 

31. How do their anthers open ? 

32. What is the nature of their seed-vessels ? 

33. What are their properties ? 

34. Give the essential characters of Geraniaceoe. 

35. Describe their stamens. 

36. Describe the mode in which their seed-vessels open 
to scatter the seed. 

37. Why is geranium called cranesbill ? 

38. Distinguish geranium from erodium (the storksbill). 

39. Mention a peculiarity in the calyx of the pelar- 
•gonium. 


We now pass on to the second sub-class of Dico- 
tyledonous plaints. 

Sub-Class II. — CALYCiPLOBiB. 

In the plants belonging to this sub-class, calyx and 
corolla are present; the petals are distinct or united, 
and the stamens are attached to the calyx — being 
perigynous or epigynous. 

. Section 1. — I^olypetal.®. — Petals separate, stamens 
attached to the calyx, perigynous or epigynous. 

This section may be illustrated by the leguminous, 
rosaceous, and umbelliferous orders. 

Order Leguminos.®, the Pea and Bean Family.— 
Calyx has five segments (fig. 340 e c), with the odd 
one inferior. Petals usually 5 (figs. 339, 340), and 

• ' R 
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unequal, often papilionaceous (figs. 169-171, p. 114), 
with the odd petal superior (fig. 340 c), stamens usually 
monadelphous or diadelphous (figs. 340 t; 180, p. 125). 
Ovary superior, 1- celled, consisting usually of a solitary 
carpel (fig. 340 o). Fruit a legume (figs. 34 1’; 2 1 1, p. 143). 
Seeds solitary or several (fig. 342) ; embryo exalbumin- 
ous (figs. 343 ; 20, p. 13). — Herbaceous plants, shrubs, 
or trees, with alternate, usually compound leaves, ^ 



Fig. 339. Fig. 340, 


having two stipules at the base of the petiole (fig. 
101, p. 63). The flowers are frequently papiliona- 
ceous, and the fruit is commonly leguminous ; and 
by the presence of one or other of these characters the 
order may be recognised. 

Figs. 339-343. — Organs of fmctification of Latliyrus odoratus, 
Sweet-j)ua, a papilionaceous flower, showing the structure of the 
natural order Leguininosw. 

Fig. 339. — Diagram of the flower, showing five divisions of the 
calyx, 5 petals, consisting of 2 parts Wming the cariiia, 2 alse, and 
the vexillum, which is superior ; 10 stamens diadelphous ; ovary 1-^ 
celled, formed hy a single carpel ; one of the ovules shown with its 
stalk attached to the ventral suture. 

Fig. 340. — Longitudinal section of the flower of Lathyrus odor- 
atufs. c Cf Calyx, with five segments, e, Vexillum or standard, - 
being the su 2 )erior petal, a. One of the aim, or wings, c a, One- 
half of the Carina, or keel, i, Tube of the stamens, the filaments 
being united in two biuidles, or diadelphous. o. Ovary laid open, 
showing the ovules attached to the placenta, on the ventral or uppei* 
suture, a, Stigma, at the apex of the style, wliich is continuou.s 
with the ventral suture. 
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The plants of the order are widely distributed 
over the globe. 

The order has been divided into three sub-orders : 
— 1. PapilionaceoB ; papilionaceous flowers, petals im- 
bricated in estivation, and upper one exterior. Exam- 
ples — Broom, pea. 2. Coesalpinieoe ; flowers irregular, 



. Fig. 341. Fig. 343. 


petals imbricated in estivation, upper one inferior. 
Examples — Cassia, logwood. 3, Mimosm ; flowers 
regular, petals valvato in estivation. Example — 
Gum-arabic tree. 

This is a very extensive and a very important 

Fig. 341. — Fruit, a legume or pod, formeil by two valves, 
opening by the ventral and dorsal suture. Seeds attached on each 
side of the ventral suture, curved upon themselves, having a marked 
hiliim and stalk. 

Fig. 342. — A seed separated. /, Stalk, of seed, c. Point where 
nourishing vessels reach tlie embryo. ?», Opening in seed. 

Fig. 343. — Embryo, which occupies the entire seed after the 
covering is removed, c c. Two cotyledons separated : they are 
fleshy and remain under ground during gemiination. p. Young 
stem, r, Radicle. 
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natural order. It embraces many valuable medicinal 
plants, such as those yielding senna, gum-arabic, tra- 
gacanth, catechu, and kino ; important dyes, as indigo 
and logwood ; many valuable timber-trees, as locust-tree 
and rosewood ; plants furnishing nutritious food, such as 
the bean, pea, and clover: The properties of the order 
may be considered in general as wholesome, although it 
contains some poisonous plants, such as the Calabar bean. 

All the British Leguminous plants belong to the 
sub-order Papilionaceai, having pea-liko blossoms. To 
illustrate the order, we shall take the common broom 
{Surothamnus scqparius). The broom is a shrubby plant, 
having a stem 2 to 3 feet high, with angular smooth 
branches ; the leaves are stalked, and are arranged in 
threes (temate); the upper ones, however, are simple, 
(not compound) ; the leaflets are inversely egg-shaped. 
The flowers are largo, bright yellow, and are either 
solitary or in pairs, with short stalks ; the calyx is two- 
lipped, the upper lip having two minute teeth, the 
lower three ; the standard is large and covers the other ' 
parts of the flower in bud ; the keel is blunt, and 
finally falls down ; the stamens are monadelphous, and 
their tube is split on the upper side ; the stylo is long, 
curved, and thickened upwards towards the stigma, 
which is small and like the head of a minute pin ; the * 
pods are dark-brown and hairy at the edges, containing 
many seeds, and when ripe they open in an elastic, 
manner and often with a marked noise. # 

Most of the British plants in the order are dia- 
delphous. This character is seen in the vetches, the 
everlasting pea, the trefoils, and the bird's-foot trefoil, 
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in which there are nine stamens united by their fila- 
ments, and one separate (fig. 180, p. 125). The leaves 
of the British species are either solitary, or they are 
ternate or pinnate. Pea-blossoms and legumes are 
present in all the British plants of the order. 


Order Eosace^, the Eose Family (figs. 344 to 
354). — Calyx 4-5-lobed (fig. 345 c c), the fifth lobe 
superior. Petals as many as 'the divisions of the calyx, 
often 5 (fig. 345 pe), sometimes wanting, generally 



regular. * Stamens perigynous, definite or indefinite 
(fig. 345 e). Ovaries superior, either solitary or several, 
one-celled (fig. 347). Fruit, achenes (figs. 353; 204, 
p. 136) or drupes (fig. 348), or follicles or apples 
(pp. 145, 148). — Herbaceous plants, or shrubs, or trees, 
with simple or compound, alternate, stipulate leaves (fig. 
*117, p. 70). They are found chiefly in the cold and 


Figs. 344-351. — Oi^ans of fructification of a kind of bramble 
(Rvhus strigosus), illustrating the natural order Rosacese. 

Fig. 344. — Diagram of the flower, with five divisions of the 
calyx, 5 petals, indefinite perigynous stamens, and numerous cai^els. 

Fig. 346. — ^The flower cut vertically, c c, Calyx, pe^ Petals, 
c. Stamens, Disk, lining the base of the calyx, upon which the 
stamens are inserted, pi. Pistil composed of several carpels. , 
. Fig. 346. — ^Anther separated, with the upper part of the fila- 
ment seen on the outside. 
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temperate climates of the northern hemisphere. Some 
are found on high mountains within the tropics, and a 
few occur in warm regions. The superior odd lobe of 
the calyx distinguishes this order from Leguminos^. 

The order has been divided into the following sub- 
orders : — 1. RoseoB; calyx-tube, becoming fleshy and 
covering numerous hairy achenes (fig. 352). Emmple 
— ^Rose. 2. PotentillecB ; fruit consisting of numerous 
achenes on an elevated receptacle. Example — Straw- 



Fig. 347. Fig. 348. Fig. 3&0. Fig. 361. 

berry (tig. 215, p. 144). 3. Banguisorbeoe ; petals 0, . 
stamens detinite, often 4 (fig. 354). JE^a;aw 2 ?Ze— rLady’s- 
mantle (fig. 204, p. 136). 4. Amygdaleoe; styles termi- 
nal, fruit a drupe (fig. 1 95, p. 1 3 3). j&icaw^Ze-^Cherry. 
5. Bpiroeeoe ; fruit consisting of numerous follicles. Ex- 
ample — Queen of the meadow. 6. Pomcce ; fruit a 1-5- 
celled fruit like the apple (pome). Example — Apple. 

Fig. S47,>|^jyary, o, cut vertically, Suspended seed, a. 
Lateral styUjpK' 

Fig. S^^^Fnilt. /, Succulent carpels with the persistent 
calyx, c, with which the withered filaments are seen. 

Fig. ^Vertical section of a carpel, s, Lateral style, m, 
Mesoci^: ' e, Endocarp. g. Seed. 

Figg^O. — Horizontal section of the exalhuminous seed, 
Integu«nt. e. Cotyledons of the embryo. 

Fi^5l. — Embryo isolated. It fills the entire seed. 
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Many of the plants of the order yield edible fruits, 
such as raspberries, strawberries, brambles, plums, apples, 
pears, quinces, cherries, almonds, peaches, nectarines, and 
apricots. Some are astringent, others yield prussic acid. 

We shall illustrate the order, in the first place, by 
the genus Eosa, which is easily distinguished by its fruit, 
commonly called the hep of the rose. This fruit con- 
sists of the calyx, with a fleshy covering inside, bear- 



Fig. 362. Fig. 363. 


ing numerous hairy achenes, each terminated with 
a long style. The tube of the calyx is contracted at its 
orifice, and the limb of the calyx is seen on the top of 
the hep. The roses have prickly stems, pinnate leaves, 
with stipule adherent to the leaf-stalk (fig. 67, p. 44). 
The Burnet rose is the common Scotch rose, found 

Pig, 362. — Polypetalous flower of Rosa rvhiginosay the sweet- 
brier. h, Bract or floral leaf, ct. Tube of calyx, which forms 
the conspicuous part of what is commonly called the fruit 

C/> Sepals of the calyx. ppRPt Petals without a claw 
e, stamens attached to the calyx. 

Fig.» 353.^^arpel of strawberry, o, Ovary, t Style arising 
from near the base, and becoming basilar by the mode in which the 
ovary is developed ; the style, however, still indicating the organic 
.apex of the ovary. 
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abundantly on sandy soils. The dog-rose, the sweet- 
brier (fig 352), the downy-leaved rose, belong to the 
genus. 

Examine the common wild strawberry {Fragaria 
vesca), and you will find a short stem sending off 
runners' which root as they extend, bearing temate 



leaves j flowering stem erect, and producing few flowers ; 
a double calyx with five large and five small segments 
alternating; five petals (fig. 165, p. 112), numerous sta- 
mens adhering to the calyx ; sjngle-seeded carpels on the 
top of a succulent receptacle (fig. 215, p. 144) ; styles 
lateral, arising from near the base (fig. 353). In the 
strawberry the edible part is the juicy receptacle, 
whereas in the raspberry the receptacle is not eaten, 
but the succulent carpels are used. The cinquefoil 
(Potentilla) differs from the strawberry in having a- dry 
receptacle. In the lady’s-mantle {Alchemilla vulgaris^ 

Fig. 354. — Flower of Lady's-mantle (AtcMmilla mdga/ris), 
with a double calyx of 8 parts, four stamens, a basilar style, and 
a thick ring in the throat of the calyx. * . 
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fig. 354) the corolla is wanting, the parts of the fiower 
are arranged in fours, the fruit consists of a single 
achene, and the style is lateral ; the leaves are rounded 
and plaited, and from 7-9-lohed. The cherry and 
peach have drupaceous fruit; the apple and pear have 
fleshy fruit formed of five carpels, and the queen of 
thg meadow {Spimd) has follicles for its fruit. 

Order IlMBELLiPERiE, the Hemlock Family (figs. 




355-359).— Calyx superior, 5-toothed or entire. Petals 
5, insei*ted on the outside of a fleshy epigynous 
disk, often with inflexed points (figs. 356, 357). Sta- 
mens 5, alternate with the petals (figs. 356, 357). 
Ovary inferior, 2-celled, crowned with a double disk 
(357 gc ) ; ovules solitary, pendulous ; styles 2, distinct 
(fig. 357 s). Fruit (figs. 358, 359) formed by two 
achenes, which adhere by their faces to a common axis, 

Pigs. 355-359. — Organs of fructification of the common carrot 
{Daucus Ca/rota), to illustrate the natural order Umbelliferaj. 

Fig. 355. — Diagram of the flower, with a 5-toothed calyx, 5 
indexed petals, 5 stamens, and fruit formed by two carpels, with 
ridges and albumen. 

Fig. 356. — The flower viewed from above, showing the petals 
with inflexed points and 5 stamens, ge, Epigynous disk. 



250 CALYCIFLORAL EXOGENS. 

from which they separate and are suspended when 
ripe (fig. 360) ; each achene is traversed by ridges. In 
the substance of the covering of the fruit there are 
frequently oil-cavities called vittse. Seeds pendulous (fig. 
359 g\ embryo minute, at the base of abundant horny 
albumen (fig. 359 o ). — Herbaceous plants, often with 
hollow and furrowed stems, with alternate, rarely oppo- 




site, variously divided, sheathing leaves, and umbel- 
late flowers (fig, 141, p. 95). They are found chiefly 
in the northern parts of the northern hemisphere. In 
warm countries they occur at high elevations. The 
order has been divided according to the number and 
size of the ridges on the fruit, the presence or absence 
of vittae, and the form of the albumen. 

The properties of the plants of this order are various. 
Some yield articles of diet, others gum-resins and 
oily substances, while others are highly poisonous. 
According to their qualities, the species have been 

Fig. 857. — Vertical section of the flower, Petals with in- 
flexed points, a, Stamens, one incurved at the apex, o, Ovary 
formed by two carpels, adherent to the calyx throughout, a, Styles 
and stigmas, ge, Epigynous disk or stylopod. 

Fig. 358. — Horizontal section of the fruit (cremocarp) with 
bristly ridges. 
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divided into—l. Those which are harmless, and are 
used as esculent vegetables — carrot, parsnip, and parsley. 
2. Those producing a gum-resin, often having a fetid 
odour from the presence of a sulphur-oil, and which 
are used as antispasmodics and stimulants — assafoetida 
and galbanum. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic — caraway, cori- 
ander, anise, cummin. 4. Those which are poisonous, 
in consequence of the presence of an acrid and narcotic 
juice — hemlock and fooFs parsley. 



Many, native plants may be used to illustrate the 
'Umbel-bearing family. In the early months of summer 
the chervil {Anthrisevs) and the cicely (Myrrhis) will 
answer the purpose well. It is of importance to see 
the fruit fully formed, and hence the characters of 
the plants are best seen later in the season. The 
•sweet cicely (Myrrhis odoTatd)^ which is common on 
the banks of streams, may be taken as an ^illustration, 
more especially as from its early flowering it per- 
fects its fruit sooner than others. It is a highly 


• Pig. 859.— -Vertical section of the fruit /, Pericarp, g. Sus- 

pended seeds, Flat albumen, e, Embryo. 

Pig. 360. — The fmit of Fennel, separating into 2 achenes 
(mencarps) suspended by the split carpophore. Styles, .stylopod, 
and ‘the ridges of the fruit are seen. 
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aromatic plant, two or more feet in height. The 
leaves are large, thrice-pinnate, and the leaflets are 
pinnatifid. The leaves are downy below, and they 
are marked above by white spots or patches. The 
flowers are white, arranged in compound umbels. The 
calyx-limb is very minute arid scarcely visible. The 
petals are inversely heart-shaped, with a tumed-in 
point. The fruit is large, composed of two achones united, 
which when ripe separate, and are for a time suspended 
by their apex, by means of thread-like cords. The 
covering of the achenes is double, the inner one being 
close to the seed, the other being folded into hollow 
ridges. At the top of the fruit the disk and two styles’ 
are easily observed. By cutting across the fruit the 
white curved albumen will be seen. 

QUESTIONS. 

• 

1. Give the characters of the sub-class Calyciflorae. 

2. Give the characters of the section Polypetalgs of the • 
calycifloral sub-class. 

3. Give the characters of Leguminosa), including calyx, 
corolla, stamens, and fruit. 

4. What kind of corolla is found in the British legu- 
minous plants ? Give an example. 

5. What are the sub-orders of Leguminosss ? 

6. Give the essential characters of these sub-orders. 

7. Give an illustration of elch of the sub-orders. 

8. What are the properties of Leguminosjs ? 

9. Mention a poisonous plant of the order. 

10. Mention a peculiarity in the mode in which the 
legume of the broom opens. 

11. Give the character of the style of the broom. 

12. What kind of stamens are met with in the British 
leguminous plants ? 
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1 3. Mention some common leguminous plants used for 
food. 

14. What kind of leaves are most commonly met with 
in leguminous plants ? 

1 5. Give the characters of the natural order Rosacea). 

16. How is the calyx of Rosacea) distinguished from 
that of Leguminosse ? 

17. What kind of fruit occurs in Rosacea) ? 

18. Mention the sub- orders of Rosacem. 

19. Give the essential characters of each of the sub- 
orders. 

20. Mention plants illustrating each of the sub-orders. 

21. What are the usual properties of the plants belong- 
ing to the order Rosaceae ? 

22. Give a description of the hep of tlie rose. 

23. Explain the difference between the fruit of the 
strawberry and that of the raspbeny. 

24. Mention a peculiarity in the style of the strawberry. 
• 25. What constitutes the succulent part of the straw- 
berry, and what does it bear on its surface ? 

26. How does the fruit of the coiniuoii cinquefoil differ 
from that of the strawberry ? 

27. Mention a peculiarity in the flower of the conimon 
lady’s-mantle. 

28. Give the essential characters of the Umbelliferous 
order. 

29. Whence is the name derived ? 

30. Give specially the characters of the fruit of Um- 
bel lifeim, and the mode in which it is scattered. 

31. What is ' meant by the vittae of umbelliferous 
plants 1 

32. What ai*e the properties of Umbellifera) ? 

33. Mention plants illustrating different properties in 
the order. 

34. Give the characters of the fruit of the sweet cicely. 

We proceed to consider the second Section of the 
Calycifloral, sub-class. 



254 


CALYCIFLORAL EXOGENS. 


Section 2 . — GAMOPETALiB. — Petals united ; stamens 
usually epigynous. This section includes the orders 
with united petals, in which the ovary is inferior, 
or, in other words, in which the calyx is superior. 
This section will he illustrated by the harebell and 
composite orders. 

Order CAMPANULACEiE, the Harebell Family (figs. 



361-368.) — Calyx superior, usually 5-lobed (figs. 
362, 363 c), persistent. Corolla gamopetalous, usually 
5-lobed (fig. 164, p. 112), regular, withering on the 
stalk. Stamens inserted into the calyx, alternating 


Figs. 361-386. — Organs of fructification of Rampion (Cam- 
jjanula to illustrate the natural order Gainpanulaceap. 

Fig. 361. — Diagram of the flower, showing five divisions of the 
calyx, five divisions of the corolla alternating with them, five 
alternating stamens, and five cells of the ovary. 

Fig. 362. — Flower-hud. c, Calyx above the ovary. />, 

' Corolla, with valvate fiestivation. 

Fig. 363. — Vertical section of the flower, c, Calyx above 
the ovary, o. py Gamopetalous corolla. Stamens with bilo- 
cular anthers, s, Lobed stigma at the apex of the style, which is 
covered with collecting hairs, o. Ovary containing numerous ovules, 
attached to a central placenta. 
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with the corolline lobes, and equal to them in number ; 
anthers free (fig. 363 e). Ovary inferior, composed 
of two or more carpels ; ovules indefinite (fig. 364). 
Fruit capsular, crowned with the withered calyx and 
corolla (fig. 365), opening by lateral apertures, or at the 
apex. Seeds attached to a central placenta ; embryo 
straight, in the axis of fleshy albumen; radicle pointing 
to the base of the seed (figs. 366-368). — Milky herbs 



Fig. 364. Fig. 365. FigH. 367. 868. 366. 


or undershrubs, with alternate, rarely opposite, exstipu- 
lateleavesv The flowers in most instances belong to 
the blue series. They are natives chiefly of northern 
and temperate regions. They abound in the alpine 
regions pf Europe .and Asia, and are also frequent in 
North America. The milky juice found in the plants 
of this order has acrid properties. The roots and 

Pig.' 364. — Horizontal section of the ovary. 

Fig. 365. — Fruit crowned by the limb of the calyx, dehiscing 
by openings at the base. 

Fig. 366. — Seed in an entire state. 

.Fig. 367. — Seed cut vertically, p, Perisperm (albumen), e, 
Straight embryo in the axis of the albumen, with the radicle 
pointing to the hilum (base of seeil). 

Pig. 368. — Embryo detached, showing its form, the botylcdons, 
and ri^cle. 



256 


CALYCIFLORAL EXOGENS. 


young shoots of rampion [Campanula Rapumulua) are 
used as articles of diet. 

The Campanulacere can be most easily illustrated 
by the common harebell of our fields, called Cam- 
panula rotundifoUa (fig. 164, p. 112), The specific 
name means round-leaved ; but this character is not 
easily seen. It is only the lowest leaves that have this 
character, and they wither soon. These lower leaves 
are rounded, cordate, and have stalks ; while the upper 
leaves are sessile and lanceolate or linear. The stem is 
from 6 to 12 inches high. The flowers are one or 
more, supported on stalks and drooping. The seg- 
ments of the calyx arc narrow. The corolla is bell- 
shaped, usually blue, sometimes white. The plant is 
commonly called in Scotland the blue-bell, a .name 
which is given in England to the wild hyacinth. 

Order CoMPOSiTiB, the Daisy family (figs. 369- 
375). — Calyx superior, its limb usually divided into 
hairs, called pappus (figs. 162, p. 111; 371 a). Corolla 
gamopetalous, ligulate (figs. 370 ; 162, p. Ill), or tubu- 
lar (figs. 371 ; 181, p. 125), in the latter case usually 
5 -toothed (fig. 160, p. 111). Stamens usually' 5 (fig. 
371 e); filaments distinct; anthers (figs. 370, 371 e) 
cohering into a cylinder (syngenesious). Ovary in- 
ferior, bearing the calyx on its summit (figs. 370, 
371 0 , 373), 1 -celled; ovule solitary (figs. 206,. p. 
139 ; 371, 373); style simple; stigmas two (figs. 162, 
p. Ill ; 370). Fruit, an achene (fig. 160, p. Ill), 
crowned with the limb of the calyx (figs. 130, p. 90 ; 
373). Seed solitary, erect, exalbuminous (fig. 373).' 
— Herbs or shrubs, with alternate or t)pposite, exsti- 
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palate leaves, and heads of flowers, called florets, 
which have either stamens and pistils together, or are 



Fig. 370. 



Fig. 369. 



Fig. 371. 


pistillate and staminate, and are surrounded by bracts in 
the form of an involucre (fig. 128, p.*i89). 

. Figs. 369-373. — Organs of fmctification of Compositse. 

Fig. 369. — Diagram of the flower of a Senecio. The outer 
dotted circle indicates the pappose limb of the calyx, witliiu it is 
the tubtlJar corolla with five divisions, next five stamens with 
united anthers, and in the centre the 1-celled 1-seeded ovary. 

Fig. 370. — One of the ligulate flowers or florets of Cicho'dum 
IntyhuSf Succory or Chicory, belonging to the sub-onler Cichoracem. 
p, Ovary bearing the calyx on its summit, the limb of tlie calyx 
forming a crown surrounding the base of the ligulate (strap-shaped) 
corolla, which has five divisions%t the top. 6, Cylinder fonned by 
the anthers (synantherous), traversed by the style -with its bifid 
stigma, s. 

Fig. 371. — Tubular flower of Aster rvbrimutisy belonging to 
the sjib-order Cof^biferas, cut longitudinally, to show the erect 
ovule 0 , enclosed in- the ovary ; when ripe this forms an achene. 

United petals, a. Pappus, consisting of the altered limb of the 
calyx, c, Stamens with their united anthers, attached to the cor- 
olla , a, Style traversing the autheiine tube. 
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This is one of the largest, and, at the same time, 
one of the most important natural families in the 
vegetable kingdom. The plants were all included 
by Linnasus in his class Syngenesia, and were divided, 
into five orders (page 198). They amount to upwards 
of 10,000 species, and are variously distributed over all 
quarters of the world. 

This order has been divided into three sub-orders : 
— 1, Cichoraceae {cicliorium^ chicory), having the florets 



T’ig. 372. Fig. 373. 


all ligulate. 2. Cynarocephalae {cynara^ the artichoke), 
having the florets all tubular ; style swollen below 
the point where it divides ; involucre hard, conical, and 
often spiny. 3. CorymbiferlP^(coryw&Ms, a corymb, and 
feroy I bear), having tubular florets in the centre, and 

Fig. 372.— Style of Vemonia with bifid hairy stignia. 

Fig. 373.— Ripe fruit of a Senecio, cut vertically, e, Exalbu- 
minous embryo. ^ Spermoderm or covering of the erect seed, j?, 
Pericarp, consisting of ovarian waU, with the seed in the in- 
terior. 8 , Style. . 
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ligulate in tlie circumference; etyle not swollen, invo- 
lucre hemispherical, leafy, or scaly, seldom spiny. 

Sub-order CichoracecB (fig. 37 4). — Most of the plants, 
of this sub-order yield a milky juice, which is bitter, 
astringent, and sometimes narcotic. By cultivation 
some of them are rendered esculent. Chicory, dande- 
lion, lettuce, and hawkweed, are among the plants of 
this section. 



. Fig. 374. 

■ Sub-order CynarocephalcB (fig. 142, p. 96). — The 
plants of this sub-order are usually bitter and tonic. 
The bitterness is often much lessened by cultivation, 
.and the plants become esculent. Thistles, burdock, 
and artichoke, are found iq|this division. 

Sub-order CorymUferos (fig. 128, p. 89). — The 
plants of this sub-order have the general bitterness of 
the order, and some of them have an aromatic odour. 

Fig. 874. Ckhorium Intybus^ Chicory plant, with its com- 
pound flowers and large root, which is often roasted and mixed 
with coffee. 



260 


CALYCIFLORAL EXOGENS. 


. from the presence of volatile oil. Chamomile, colts- 



Flg. 37 


Fig. 875. Bimcinato leaves, a, and radical peduncles or multi* 
floral scapes, b c, of Dandelion {Leontodon Taraxacum), In the 
ui^expanded head, (capltulum) of flowers, the row of bracts forming 
the involucre is seen. The expanded head, c, consists ,of numer- 
ous ligulate florets, sessile on a flattened receptacle. * . 
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foot, the sunflower, and the dai^y, are among the 
plants of this section. 

This large order may he illustrated by many com- 
mon plants. We shall describe a plant in each of the 
divisions. The common dandelion {Leontodon Tarax- 
acurn), called so (dent de leon) from the tooth-like 
margins of its leaves, is a good example of the sub-order 
Cichoraceao. In this plant the leaves are radical, and 
have a pinnatifid form, to which the name runcinate 
has been given, because the edges have divisions like 
the teeth of a saw pointing downwards. The stalk 
bearing the head of flowers is hollow, and arises singly 
from the midst of the radical leaves. The . heads 
consist entirely of yellow ligulate flowers, surrounded 
by rows of bracts, the outer row becoming usually 
deflexod as the fruit ripens. The ligulate florets are 
situated on a receptacle, which is at first succulent, but 
afterwards becomes dry and convex in order to scatter 
the fruit. • The calyx-limb consists of hairs at the top 
of the ovary. The corolla is ligulate, placed also above 
the ovary, and it encloses 5 stamens, with united 
anthers, forming a tube through which the style 
passes. The fruit is an achene — i,e, a dry seed-vessel 
with a single seed, scattered by means of the pappus, 
which elongates so as to form a sort of parachute 
(fig. 130, p. 90). The achene is suddenly contrjicted 
above, and forms a slender beak. The plant yields a 
milky juice, and its roots have been used for chicory. 

The common thistle {Cardum lanceolatus) belongs 
to the sub-order Cynarocephalss. The leaves are 
white and cottony below^ pinnatifid, and the seg- 
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ments end in sharp spines; prolongations from the 
bases of the leaves run down the stem, which is from 
three to four feet high, and has strong spiny wings. 
The heads of flowers terminate the axes, and they are 
either solitary or two 'or three together. The bracts 
c6vering the heads of flowers are spiny, and form a 
united egg-shaped involucre (fig. 142, p. 96). Jhe 
florets are tubular, placed above the ovary. The hairs 
constituting the limb of the calyx are above the ovary, 
and are united into a ring at the 'base ; they ultimately 
fall off* and leave the fruit (achene) clear. 

' The common daisy {Bellw permnia) belongs to the 
sub-order Corymbiferae. The leaves of the plant are 
radical — that is, produced from a short stem, and lying 
along thf, ground ; they are inversely ovate, and like a 
spatula in form, the margin being slightly divided. 
The stalk bearing the head of flowers arisen from the 
centre of the radical leaves. The heads of flowers are 
surrounded by two rows of equal floral bracts. The 
florets ^6 placed on a conical receptacle. There ate 
two kinds of florets; the outer white florets (sometimes 
tipped with red) are ligulate, and have pistils only. The 
inner yellow florets are tubular, and have both stamens 
and pistils. The anthers are united round the style. 
There is no pappus. The ^uit is compressed. After 
thei^ruit has fallen, the conical receptacle is well 
seen. 

QUESTIONS. 

1. Give the essential characters of the gamopetalous 
section of Calyciflorie. 

2. Give the characters of Campahulacese. • . 



OOBOLimORAL EXOGENB. 263 

3. Mention a peculiarity in the mode of opening in 
the capsule of the common harebell. 

4. What kind of juice is met with in Campanulas ? 

5. What plants receive the name of blue-bell ? 

6. Give the essential characters of Compositss. 

7. What is the usual character of the calyx of Coiri- 
positSB ? and what is its relation to the ovary ? 

. 8. What kind of fruit occurs in Compositse ? 

9. What kinds of corolla are seen in Compositoe ? 

10. What is the inflorescence of Compositas ? 

11. Give the characters of the anthers of Compositse. 

1-2. What are the properties of Compositee ? 

13. Give the sub-orders of Compositso, and give an 
example of each. 

14. Give the characters of these sub-orders. 

15. In what sUb-order is milky juice met with ? 

17. Describe the parts of the head of the dandelion. 

, 18. Describe the parts of the head of a thistle. 

19. Describe the parts of the head of the difcty. 

20. What fonu of receptacle occurs in the daisy ? 

• 

We now proceed to describe the third sub-class of 
dicotyledonous plants. It may be illustrated by the 
■ heath, the borage, the potato, the dead-nettle and the 
figwort orders. The characters of some of the orders 
■will be put in contrast, so as to shorten the description 
and point out the chief marks of distinction between 
them. 

* Sub-Class III. — CoROLLiFLORiE. 

Calyx and corolla present. Corolla gamop^talous, 
hypogynous, usually bearing the stamens. 

We commence with the heaths, in which the stamens 
are usually not attached to the corolla. 

Order ERiCACEiE, the Heath Family (figi 376- 
378). — Calyx 4-5-cleft, persistent. Corolla hypogynous 
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(fig. 378), often withering on the stalk. Stamens equal 
in number to the segments of the corolla, or twice as 
many, inserted with the corolla, and either free from it 
or attached to its base ; anthers 2-celled, usually having 



appendages at the base (fig. 378) or apex, dehiscing by 
pores or clefts at the top. Ovary free (fig. 378), many- 
celled ; ovules numerous, attached to a central placenta; 
style 1, stigma 1. Fruit capsular or berried, many- 
celled. Seeds numerous, minute. — Shrubs, undershrubs,. 

Figs. 376-378 illustrate the natural order Ericaceee. 

Fig.*376 . — Erica dmrea^ fine-leaved Heath, showing its 
entire exstipulate leaves and ovate swollen corolla with a 4- 
divided limb. Fig. 377. — Dia^am of Ericas showing a flower hav- 
ing 4 divisions of the oalyx and corolla, 8 stamens, and a 4-valved 
capsule. Figi 378. — ^Vertical section of the flower of i^nca, show- 
ing calyx, corolla, hypogynous stamens, anthers opening by slits, 
and having appenda^ below, and ovary with central placenta and 
numerous ovules. . 
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or herbaceous plants, with evergreen, often rigid, entire, 
verticillate or opposite, exstipulate leaves. The order 
contains many beautiful and showy plants, which 
abound at the Cape of Good Hope, and species of 
which are found also in Europe, North and South 
America, and Asia. 

The plants of the order are not remarkable for 
medicinal virtues. There are six species of the genus 
Erica natives of Britain : two of these, Erica dnerea 
and Erica Tetralix^ are common ; two are peculiar to Ire- 
land, E, Mackalana and E. mddUerrama ; and two are 
common to England and Ireland, E, dliaris and E, 

. vagans. The corollas of these heaths assun\e pink and 
white colours. Callma vvlgaris is the common heather 
called ling. It has astringent qualities, and has been 
used for dyeing. It is commonly made Wo brooms. 
The leaves of Arhuttis {Arctostai^hylos), Uva-urs% bear- 
berry, are used as an astringent. Some of the species 
of Rhododendron^ Azalea^ Kalmia, Andromeda^ and 
. Ledum, have' poisonous narcotic qualities. 

The order may be illustrated by the common heather 
and the bell-flowered heath. The common heather 
(Galluna) differs from the heath (Erica) in the mode 
in which its seed-vessel opens. In Calluna the open- 
ings take place through the partitions (septa), and the 
valves separate from the septa. In Erica the openings 
take place at the back of the cells of the capsule, between 
the septa which remain attached to the centre of the 
valves. The common bell-heath (Erica Tetralix), called 
also cross-leaved heath, is shrubby its narrow leaves 
are arranged in whorls of four; they are fringed with 
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hairs^ and are downy above, their edges being turned 
back. The flowers are arranged in an umbel-like form. 
Calyx divided deeply into 4. Corolla bell-shaped. Sta- 
mens 8, with spurred anthers. Seed-vessel 4-celled. 
Ovary hairy. The fine-leaved heath (fig. 376) is called 
Erica cimreaj and it differs from the cross-leaved heath 
in having ternate smooth leaves, racemose flowers, 
a smooth ovary. 

The blaeberry and cranberry family (VacciniaceoB) 
differs from the heath family only in having the rows of 
the flower epigynous — ^that is, situated above the ovary. 
The Epacris is called Australian heath. It differs from 
the true Erica in haying 5 in place of 4 divisions of its 
corolla, and in having 1-celled in place of 2-celled 
anthers. ^ 

To shtiRhe relations of some corollifloral orders, we 
shall now take two to illustrate the* group with regular 
flowers, and two to illustrate the group with irregular 
flowers. 

1. Orouj? of Corollifloral Plants with Regular 
Flowtrs, 

Order BoRAOiNAOEiE, the Borage Family (figs. 379- 
381). — In this order we have plants with a gamopetal- 
ous calyx, usually having 5 divisions, a regular 5-cleft . 
corolla, 5 stamens attached to the corolla (fig. 380), and 
a 4-lobed ovary, which, when ripe, becomes 4 achenes 
mericarps (fig. 379). This division of the ovary into 
four is peculiar, and, along with scorpioidal inflorescence 
(fig. 144, p. 97) and rough foliage, forms a distinguish- 
ing character of the order. It may be illustrated by 
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the comfrey {Symphytum tuherosurn), common on river- 
banks, and the forget-me-not {MyosotiSy fig. 144, p. 97). 
One of the best plants for showing the four achenes 
forming the fruit is the common hounds-tongue {Gyno 



glosmm officinale), which is abundant on many of our 
sandy shores amongst bent. 

Order Solanaoe^, the Potato Family, is another 
regular-flowered corollifloral order (figs. 381 to 386). 
Five-membered symmetry is visible in the gamosepalous 
calyx, the gamopetalous corolla, and the stamens, the 


Figs. 879-381. — Organs of fructification of Anchtisa italica (a* 
kind of cdkanet), to illustrate the natural order Boraginaceae. 

Fig. 379. — Diagram of the flower, with five imbricated divisions 
of the calyx, five.imbricated segments of the corolla, five stamens, 
and a 4-lob^ ovary. 

Fig. 380. — V ertical section of the flower, c, Hairy calyx, p p. 
Corolla, e. Stamens inserted into the corolla, a a, Staminal ap- 
pendages or coToUine scales, o, 4-lobed. ovary, two of its divisions 
cut through vertically, sj Basilar style. 

Fig. 381. — One of the carpels (mericarps) cut vertically, j?, 
Pericarp sparable from the seed. ^ Spennoderm, or integuments 
, of the seed, e. Embryo, with plano-convex cotyledons. 
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anthers of which often open by pores (figs. 382 and 383). 
The ovary consists of 2 carpels, and the fruit is a 2-celled 
capsule or berry, with numerous seeds (figs. 384, 385). 
The embryo is often curved (fig. 387). The character 
of the fruit distinguishes this family from the Boragi-- 
nacecBi,,^ There are two sub-orders ; the first including 
the potato, the tomato, and the capsicum; the second 



Fig. 383. Fig. 8S3. Fig. <385. 


comprehending such poisonous narcotic plants as^ bella- 
donna, henbane, stramonium, and tobacco. In, the 
former, which are placed in the sub-order Solanese, the 
a3stivation of the corojla is valvate or induplicate (fig. 
382). In the latter, which are placed in the sub-order 

Figs. 382-387. — Organs of fructification , of Solanum tuberosum 
(the Potato), to illustrate the natural order Solanacese, sub-order 
Solanese. 

Fig. 382. — Diagram of the flower, with five divisions of the 
calyx, five plaited s^^euts of the corolla, five stamens, and' a 2- 
celled ovary with numerous ovules, a, Axis* Fig. 883. — ^Vertical 
section of the flower, e, Calyx, pp. Lower part of the corolla, 
e, Stamens, with porous dehiscence of the anthers, o. Ovary, s, 
Style and stigma. Fig. 384. — Fruit, a berry. Fig. 885.--<-9orl* 
zontal section of the two-celled fruit, showing the seeds and placenta. . 
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Atropese, the sestivation of the corolline lobes is imbri- 
cate. In fig. 388 there is a diagi*am showing the row 
of .petals overlapping each other (imblicate). 





rig. 386. Fig. 887. Fig. 388. 


The capsular fruit of the henbane (one of the Atro- 
' peas) opens by a lid (fig. 224, p. 148), The fruit of 
belladonna is a brownish-black shining two-celled berry. 

2. Group of Corollifloral Plants with Irrejtkr Floioers, 

We shall find that they also are distinguished from 

each other by the character of their fruit. 

• 

Order Labiate, the Dead-nettle Family (figs. 389- 
393). * In this order the calyx and corolla are irregular 
(figs. 159, p. 110, and 1.52, p. 102) ; the latter being 
two-lipped, — the upper lip formed by two united petals, 
the lower lip by three (figs. 3S0, 391). There is a 
• want of symmetry as regards the stamens, which are 
usually four, didynamous (figs. 389, 390) and sometimes 
two. The ovary is four-lobed, and, when mature, it 

Fig, 386. — ^The seed. Fig. 387. — ^Vertical section of the seed. 
tf Integument (spermodenn) of the seed. Fle.shy albumen, f, 
Embryo, . which is .curved. Fig, 388.-— Diagram of the flower of 
.Nicbtiam Tabacim (Tobacco), showing five divisions b£ the caly v, 
five imbricate coroUine lobes, five stamens alternating with these 
.lollies, and a two-celled (dimerous) ovary. 
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forms a fruit consisting of four achenes (figs. 392, 393). 



Fig. 391. Fig. 390. 



Fig. 389. Fig. 393. Pig. ^93. 


The plants of the order have square steins, opposite 

Figs. 889-393. — Organs of fructification of Lamium 
whit© dead-nettle, to illustrate the natural order Labiate. 

Fig. 389. — Diagram of the flower, with the pentamerous calyx ; 
peutam^rotia corolla, Jiaving two lips, the upper lip being formed of 
two united petals, the lower of three ; four stamens, in consequence 
of one being undeveloped, and four divisions of the ovary. 

Fig. 890. — Entire flower viewed laterally, c, Five-cleft calyx, 
f, Tube of the corolla, fa, Upper lip of two petals. W, Lower lip 
of three, s. Style. 

Fig. 391. — ^The flower cut vertically, c, Calyx, j?, Corolla. «, 
Didynamous stamens.’ s. Style and bifid stigma. <), Ovary. 

Fig. 392. — Fiiiit cut vertically, showing the achenes, two of 
which have been removed, c, Persistent calyx, g. Fleshy disk or 
gland, r, Beceptacle, bearing the style, s, which is basilar — t.c. 
arises from the lower part of the achenes. o,*Two achenes. 

Fig. 393. — Achene cut vertically, y?, Pericarp. Integument 
of the seed, c, Embryo. . ‘ • 
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leaves, and their flowers are in shortened cymes called 
verticillasters. Their properties are fragrant and aro- 
matic. The order is well illustrated in the white dead- 
nettle [Lamium album), which is common on hedge- 
hanks. To this order belong mint, lavender, rosemary, 
hyssop, thyme, sage, and maijoram. 

Another irregular-flowered family of plants is the 

Order ScROPHULARiACE^, the Figwort Family (figs. 




'394-398). In this family there is an irregular calyx 
and corolla, usually divided into five parts (sometimes 
four). The corolla is lipped or it is personate (figs. 397, 
395). Stamens are 4, didynamous (fig. 396), or 2 (fig. 
151, p. 102). The fruit is a 2-celled capsule formed by 
two carpels united (fig. 398). The order differs from the 

Figs. 394-398 illustrate the natural order Scrophulariaceai. 

Fig. 394. — Diagram of the flower of Antirrhinum niajus, frogs- 
mouth, showing a .single bract below, five divisions of the irregular 
calyx, five segments of the irregular personate corolla, four perfect 
stamens, and a rudiment of a fifth above the ovary, a two-celled 
ovary composed of two carpels placed posteriorly and anteriorly as 
r^ards the axis. 

Fig. 395. — Irregular personate flower of Antirrhinum mc^us, 
fro^mouth. 
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Labiatse in having a capsular fruit in place of achenes, and 
in having no aromatic qualities. It may be illustrated 
by the common knotted figwort (Scrophularia riodosa), 



Pia. m. Fig. 397. Fig. 3»8. 


(fig. 397), foxglove (Digitalis 2 )wpureci) (fig. 17^, p. 
124), calc^laria, frogsmouth (figs. 395, 396), snap- 
dragon, ana veronica (fig. 151, p. 102). 

QUESTIONS. 

1. Define the subrclass Corolliflorre. 

2. Give the essential characters of Ericaceae. 

3. What is the usual form of the corolla in th'e heath V 

4. Mention two peculiarities in the stamen of the 
heath. 

5. In what part of the world are heaths most 
abundant 1 

6. How many kinds of heath .are found in Great 

Britain ? . ' 

7. How does the blaeberry differ from the heath ? 

8. How does Epacris differ from Erica ? 

Fig. 396. — ^Vertical section of flower of flugsmouth, showing 
four didynaroons stamens attached to, the corolla. 

Fig. 397. — Irregular-lipped flower of Scrophularia, figwoi^ with 
a transverse staminodium or abortive fifth stamen. ^ 

Fig. 398. — Two'carpels, forming the fruit of Scrophularia, fig^ 
wort. The carpels are placed anteriorly and posteriorly as regards 
the axis, i.e,, one above and the other below. . ’ . 
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9. In what part of the world are the species of Epacris 
found 1 

10. Give the characters of the Boraginacese. 

1 1. What kind of fruit is found in the plants belonging 
to that order ? 

12. What is the nature of their inflorescence ? 

13. Give the characters of Solanacese. 

14. Distinguish the sub-order Solanese from the sub- 
order Atropeaa 

15. What kinds of fruit are found in Solanaceas ? Give 
examples. 

16. Give tlie essential characters of Labiatse. 

17. What kind of stamens are found in Labiatss ? 

18. What kind of fruit occurs in that order ] 

19. What kind of inflorescence do Labiatse exhibit ? 

. 20. Give the character of their stems and their leaf- 
arrangement. 

21. What are the properties of Labiatse ? 

22. Give the essential characters of Scrophuksiriacete. 

23. What is the character of their stamens f 

24. What is the nature of their fruit ? 

The fourth sub-class of Dicotyledons will now be 

• shortly considered. 

Sub-Class IV. — MoNooHLAMYDEiE. 

Corolla wanting ; a calyx, or what is called a single 
perianth, present ; flowers sometimes Achlamydeous — 

* that is, having neither calyx nor corolla. 

Section 1. ANGiosPEBMiE. — Monochlamydeous or 
Achlamydeous plants, having their seeds contained in 
an ovary, and fertilised by the action of the pollen on 
a stigma. Under this division are included such 
plants as the docks, the nettles, and the catkin-bearing 
trees. 


T 
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Older PoLYGONACKffi, the Knot-grass Family, in- 
cludes buckwheat, docks, and rhubarb. All the plants 
have a calyx and no corolla, a more or less triangular fruit 
(achene), cpntaining a single erect seed (figs. 399-401). 
Buckwhelat {Fagoyyrum esmlentwm) is extensively cul- 
tivated as a kind of grain in many northern countries. 



' Fig. 400. Fig. 401.* 


The seed contains a large quantity of mealy albumen, 
with the embryo lying in a curved form at one side, as 
shown in the woodcut (fig. 401). 

Order Urtioacm, the Nettle Family, is another 

Pigs. 399-401.~-Orgaiis of fructification of Fagopyrwm, eacu^n- ' 
tuin^ Imckwheat, to il^trate the natural order Polygonaceee. 

Pig. 399. — ^Vertical section of the fiower. e c, Perianth (calyx). 
e e, .Outer stamens, which are introrse. ei, Inner stamens, which 
are extrorse. a, Glandular appendages, o, Ovary, with its erect 
ovule, g, a. Styles and stigmas. 

Pig, 400. — ^Diagram of the flower, showing five divisions of the 
imbricate perianth ; stamens opposite the divisions, with glands and 
triangiilar unilocular ovary. 

Pig. 401. — Seed cut vertically, showing the embryo with its 
superior radicle, curved at one side of mealy ^bumen. • , 
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Monochlamydeous group (figs. 402-405). The stamens 
are in one fiower (fig. 402) and the pistil in another 
fiower (fig. 403). There are usually four divisions 



Fig. 404. Fig. 405. 


of the calyx (figs. 402 ; 155, p, 104), and the sta- 
mens have frequently elastic filaments (fig. 402 ; fig. 
153, p. 104). The fruit is an achene (fig. 404), and 

I*igs. 402-406. — Oi:gaiiN of fructification of Urtica urens 
■(smaU nettle), to illustrate the natural order Urticaceae. 

Fig. 402. — Staminate flower expanded, t, Perianth with four 
divisions, eeee. Four hypogynous stamens, thrown back by the 
elasticity of the filaments, with the anthers burst, pr. Abortive 
rudiment of the central pistiL 

Fig. 403. — Pistillate flower, c, Perianth with four \inequal seg- 
ments, the two exterior ones being' very small, o, U^ocular 
ovaiy^ a. Sessile stigmA 

Fig. 404. — ^Pistil cut vertically, to show the direction of the 
erect ovule, o. p, Parietes of the ovary, a, Stigma. 

. 5Hg. 405. — Seed cut vertically. ^ Integument, Hilum or 
bue. p, Albumen, a, Embryo. 
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contains an erect seed with an inverted embryo (fig. 
405). Some of the plants have stinging hairs (fig.. 81, 
p. 63). One of- our native nettles {Urtica urenij is 
monoecious, while another (Urtica dioicd) is dioecious. 

Order AMENTiFEBis, the Catkin-bearing Family, be- 
longs to the monochlamydeous sub-class. It includes the 
willow, poplar, oak, hazel, chestnut, birch, beech, etc. 
They have staminate flowers arranged in catkins, each 
flower being covered by a scale (figs. 187, p. 127 ; 
188, p. 128). They differ in the character of the fruit. 
The willows (fig. 189, p. 128) and poplars have a 
1 -celled fruit opening by 2 valves and containing 
many hairy seeds, covered by a scale or bract. The 
hazel, oak, chestnut, and beech, have a dry 1-i^eded 
fruit or nut (figs. 213, 214, p. 144), covered by scales. 

Other monochlamydeous dicotyledons have their 
seeds naked — ^that is, not contained in a seed-yeSsel, and 
are included under 

c 

Section 2. Gymnosfebmjs. — Monochlamydeous or 
Achlamydeous trees, with an Exogenous structure as 
regards their stems and organs of vegetation, but dif- 
fering from other Exogens in having naked ovules, 
which are fertilised by the direct application of the 
pollen to the foramen, without the intervention ^ 
stigma, style, and ovary. 

Order CoNiFEBiB, Cone-bearing Family . — In this 
order are .included* such plants as fir, spruce, and 
cedar (fig. 62^ p. 31 ; fig. 56, p. 35). They have flowers 
with stamens only, and others with pistils only. Their 
seeds, although naked, are covered by hard scales,, and 
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collected in cones (Rg. 218, p. 145); and are sometimes 
Winged (fig. 235, p. 155). In the genus Pinus, in- 
cluding the Scotch fir, the stone-pine, the Austrian pine, 
the Weymouth pine, etc., the leaves come off in twos, 
threes, fours, fives, and sixes. In the Korway spruce 
(Abies) the leaves come off singly from the branches. 
In the larch (Larix) the leaves appear in large clusters, 
and fall off at the end of the season ; in the cedar 
(Cedrus) they are also in clusters, but they are per- 
manent (evergreen). The woody tissue of Conifers is 
marked by the presence of discs (figs. 49-51, p. 30). 

QUESTIONS. 

1. Define the sub-class Monochlamydeao. v ^ 

2. What is meant by Achkmydeous plants ? 

3. What plants are included in the Polygonacess ? 

4. What are the usual characters of their fruit and seed ? 

5. What is the usual position of the embryo in their 
seed ? 

6. Gfive some of the characters of Urticacese. 

7. Mention some plants belonging to the order. 

8. What kind of stamens are fotmd in the nettle ? 

9. What kind of fruit has the nettle ? 

10. Give the characters of Amentiferae. Give an 
example. 

11. Give the general character of a catkin (amentum). 

12. What kind of fruit and seed is seen in the willow ? 

.13. Describe the fruit of the hazeL 

14. Describe the fruit of the oak. 

15. Mention a peculiarity in the seed of the poplar. 

1 6. What is meant by Gymnospemous plants ? Give an 
example. 

17. What is the nature of the fhdt in Coniferes ? 

18. Whiat kind of seeds occur in the common firs ? 

. 19. What is the leaf-arrangement in the genus Pinus ? 
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20. How are the leaves of the spmce-fir arranged ? 

21. How are the leaves of the larch arranged ? 

22. What is the difference between the larch and the 
cedar as regards their leaves ? 

23. What is the character of the wood of conifers ? How 

can it be detected under the microscope 7 , 


We now proceed to consider the second great class of 
the vegetable kingdom. 

CLASS IL— MONOCOTYLEDONES, ENDOGENiE. 

In this great class the plants have a cellular and 
vascular system, the latter consisting partly of elastic 
spiral vessels (fig. 11, p. 5). The stefm is sometimes, 
herbaceous, aa in the banana (fig. 13, p. 7). At times it 
is creeping or subterranean, and assumes the form of a 
rhizome (figs. 37, 38, p. 24), or of a corm (figs. 40 and 
41, p. 26), or of a bulb (fig. 39, p. 26). The woody 
stem (as in palms, fig. 60, 61, p, 39) is usually more 
or less cylindrical, simple, and unbranched. There is 
no true separable bark, no concentric zones, and no true ' 
pith (figs. 37, p. 37.) The wood is endogenous — Le, in- 
creases by additions, which first tend towards the centre, 
and then cuilve outwards in an interlaciug manner (fig. 68, 
p. 37) towards the circumference, where much hard lig' 
neous matter is deposited, so as to make the exterior the 
hardest part (fig. 69, p. 38.) The development of the 
stem usually takes place by a single central and terminal 
bud; occasionally lateral buds are produced (fig. 28, 
p. 18), and at times the stem is hollow. The leaves 
are parallel^veined (figs. 13, p. 7 ; 74 and 76, p. 50). 
The parts of ihie fiower are arranged in a ternary majn- 
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ner (fig. 126, p. 87), and they are often coloured like 
petals, sometimes scaly. The ovules are contained in 
an ovary, and are fertilised by the application of the 
pollen to the stigma. The embryo ha^ one cotyledon, 
and the rootlets pass through sheaths (fig. 241, c,p. 162). 

Sub-Class I. — Petaloide-®. 

Flowers having usually a perianth consisting of 
verticillate leaves, which may sometimes be sej)arated 
into calyx and corolla, and are often coloured (petaloid). 

«. Perianth superior, . Ovary inferior. Flowers usually 
perfect — i.e., having both stamens and pistil. 

Order ObohidaoejB, the Orchis family (figs* 406- 
408), is one of the most remarkable families in this 
division of Monocotyledons. The perianth consists of 
two rows of coloured leaves, three of which are external 
and three internal, alternating (fig. 190, p. 130)! In the 
inner rOw there is usually a marked petal called the lip 
(labellum, fig. 406 I ; 190 ly p. 130). The stamen and 
pistU are gynandrous — that is, united in one column 
(fig. 406 as; 190 a, p. 130), and the pollen consists 
of masses attached by glands, surrounded by viscid mat- 
ter which enables them to adhere to any object which 
touches them (fig. 184, p. 126). The seed-vessel has 3 
parietal placent^ (fig. 199, p. 135), and the seeds are 
b^utifuUy reticulated (fig. 408), the embryo in the 
young state being seen through the transparent covering. 
In the Orchises of Britain the roots have fleshy tuber- 
cules attached to them (figs. 30, 31, p. 19). In orchideous 
plants of warm countries there are thickened stems 
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called false-bulbs (fig. 32, p. 20). • Many of the latter 
plants are epiphytic (p. 20). 

This order is easily illustrated by the common Or- 
chises of the wqods and marshes. The viscidity of the 
pollen-masses is observed by putting the sharpened end 
of a common pencil into the opening in the perianth 
leading down to the spur (fig. 190 s, p. 130), and then 
withdrawing it. By doing so we find that the pollen- 
masses adhere to the pencil and are pulled out along 



with it (see remarks at page 131). The upper and 
lower parts of the seed-vessels respectively continue 
adherent, while the capsule opens by splitting into 6 
portions. VaniUe consists of the dried seed-vessels of 
an Orchid. 

There are two other families in this section of Mono- 
cotyledons, which may be put in contrast — ^the Iris and 
Amaryllis order. 

406 to 40B.— Flower of Spiranthes cacttemnalta, fragiaat 
tswiy a tTeaaeB,to iSlttatTate th.© natwil order Orchidaceffi. 

Fig. 406.-^ummit of the flower cut vertically, e, InferiorOVaiy 
with parietal ovules, g, 4 Ijabellum or lip. s. Stigma, a, Anther. 

Fig. 407. — ^Anther separated. Its inner siuface shown with its ' 
two qells. 

F3g. 408.— A seed separated, with its external reticulated in- 
tegumenf^ 
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Order Ibidacbji — the Iris Family (figs. 409,410). — 
In this order the perianth coiusists of 6 coloured divi- 
sions in two rows (fig. 409), the three parts of the 
outer row being deflexed in the Iris (fig. 410) ; aild 
three stamens are placed behind three petaloid divi- 
sions of the style (fig. 410 r; g\ which open on the 


ei 



Fig. 410. 


outside (extrorsely). The fruit is inferior (below the 
perianth, fig. 410 o), and constitutes a 3-celled capsule, 
^ opening by 3 valves, the slits being at the backs of 

Figs. 409, 410. — Oigans of fructification of Iris gerrmnica, the 
common garden Iris, to illustrate the natural order Iridaceee. 

Fig. 409. — Diagram of the flower, showing six divisions of the 
perianth in two whorls, three extrorse stamens, and a 3-celled cap- 
sule with numerous ovules, a. Position of the axis of inflorescence^ 

Fig. 410, — ^Vertictd section of the flower, ce, Outer divisions of 
the coloured perianth.' d. Inner divisions of the perianth, ISibe 
of the perianth above the part which is adherent to the ovary. 
0 , Inferior 8-cdled ovary. Pt Numerous ovules, e e, Stamens, a 9 , 
Petaloid portion of the style with the stigmas. 
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the cells (loculicidal). The plants have rhizomes, as 
in the case of orris-root (the creeping stem of the 
Florentine Iris), or they have conns as in the crocus 
(fig. 40, p. 25). Saffron, an orange dye, consists of the 
upper part of the style of the Crocus sativus. 

Order Amaryllidaoe 2 B, the Amaryllis family. — 
This order differs from the last chiefly in its 6 stamens, 
vdth anthers opening on the inner side (introrsely). 
It is illustrated by the common snowdrop, the snow- 
flake (fig. 126, p, 87), the narcissus (fig. 127, p. 88). 
The plants have usually scaly bulbs under ground. 

We now proceed to another section of petaloid 
monocotyledons, where the ovary is differently placed — ^ 


2. Perianth inferior. Ovary superior. Flowers usually 
perfect — i,e., having both stamens and pistil.. 
Under this section wo may contrast two orders — 



Fig. 411. Pig. 412. Fig. 413: 


Figs. 411 to 413. — Cleans of fructification of 8ciUa autummlia 
(autumnal squill), to iUustrate the natural order Liliaceas. 

Fig. 411. — Flowers seen from above, ce, Outer whorl of the 
perianth (calyx), ce, Inner whorl of the perianth (corolla). 

Fig. -412, — Dljl^am of the flower, showing three outer and 
three inner leaves of the perianth, six alternating stamens in two 
rows, an^ three cai^els of the ovary with the ovules. 

Fig. 413. — Vertical section of the flower, c c,. Perianth, e. 
Stamens inlrorse. o. Ovary, s, Style and stigmas, Ovules at- 
tached to a placenta in the axis. 

’ ■ t 
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the lily family and the meadow-saffron family. Hushes 
and Palms also belong to this section. 

Order LiLiACBiE,the lily Family (figs. 411 to 413).-— 
*In this order there is a perianth of six divisions in two 
' rows (fig. 411) ; the stamens are usually six, and have 
anthers opening on the inside (introrse) (figs. 412, 413). 
The fruit is three-celled (fig. 197, p. 134), and the seeds 
numerous. Many of the plants have bulbs (fig. 39, p. 25), 
others have rhizomes (fig. 37, p. 24), while some assume 
a tree-form, as the dragon-tree (fig. 64, p. 33). 

The order is illustrated by lilies, leeks, onions, squill, 
hyacinth, fritiUary, tulip, tuberose, and dog-tooth violet. 

Order CoLCHiOACEiK or Melanthaob^, the Meadow- 
, saffron Family. This order differs from the lilies chiefiy 
in having anthers opening on the outside (extrorse). 
It is illustrated by the common meadow-saffron, or 
autumn-flowering crocus. This plant has underground 
** corms (fig. 41, p. 25).. 

Order JuNCACEiB, the Hush Family, is allied to 
these two orders. These plants are often confounded 
by common observers with sedges (cariced) and bul- 
rushes. They ore at once distinguished by examining 
their flowers, and finding that the perianth consists of 
•six divisions arranged in a whorled manner (fig. 414). 
The perianth is dry, greenish or brownish. 

Order Palm^, the Palm Family, is also placed in 
this section of petaloid MonocotyledonH Their flowers 
resemble those of the lilies. They are small and ar- 
ranged in clusters. Palms are well characterised by 
thqir stems, leaves, inflorescence, and fruit (figs. 60, 61, 
p. 39 ; 74, p. 50 ; 239, p. 167). 
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There is another section of petaloid Monocotyledons, 
in which the flowers are incomplete — ^that is, they have 
staminate and pistillate flowers. Moreover, their peri- 
anth is imperfect, being sometimes wanting, and at 
other times consisting of a few scales. Such plants as 



Fig. 414. Fig. 415. 


the cuckoo-pint (Arum macidatuni) belong to this 
division (fig. 415). 

We now come to the concluding sub-class of Mono- 
cotyledons — 

Si||-Class IL — Glumifer^. 

Flowers glutnaceous, consisting of bracts or scales, 

Fig. 414. — Perianth of Lumla, with 6 divisions of itsglnma- 
ceons perianth, 6 stamens, pistil with 1 style and 8 stigmas. 

Fig. 415.-?-Spadiz of Arvm removed fromitss^athe ; 

Distillate flowers a, staminate ft, abortive c, fleshy end of spadiz d. 
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which are imbricated, and not arranged in true verticils. 
Leaves with parallel veins. In this sub-class there are 
two orders — ^the sedges and the grasses. - 

Order CYPBRAOEiB, the Sedge rainily(figs. 416, 417 ; 
fig. 12, p. 5). They are grassy plants with solid stems. 
The sheaths of the leaves are not split (as in grasses). 
The flowers have either stamens and pistils, or stamens 




exist in one flower and pistils in another. The flowers 
are arranged in spikes or heads. Each flower is 
covered by a bract, and in the case of some pistillate 
flowers there is an additional covering. The stamens 
are usually three, and the fruit is an achena The 
little embryo is «at the base of albumen, and is not 

Fig. 416. — Staminate flower of Cwrex, liiige, consisting of a 
scale or gltuue bearing 8 staaiens with long filaments and innate 
anthers. 

Fig. 417.T-~Pi8tillate flower of Carext consisting of a scale or 
gl)une, 8f bearing a pistil surrounded hy a special covering, u, 
* flrongh which projects the style, with its three stigmas. 
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placed at one side (as in grasses). The character of the 
flower is seen in figs. 416 and 417, the former repre- 
senting a staminate flower with three stamens bearing 
anthers, which are fixed to the filament by their base (not 
versatile as in grasses) ; and the latter representing a 
pistillate flower with its outer scales, its additional 
covering, with the style passing through it, and dividing’ 
into three hairy portions bearing stigmas. 


Order Gramine-E, the Grass Family (figs. 418-423). 
This is a large order of plants, and is one of the most 
important in the vegetable kingdom, whether we regard 



it as supplying food for man or herbage for animals. 
Thp flowers occur commonly in spikolets (figs. 418, 


Figs. 41 8-423. -^Organs of fructification of A vena saiiva, com- 
mon cultivated oat, to illustrate the natural order Graminese. 

Fig. 418.-— 8pikelet of the oat. a, Axis of inflorescence, ffc. 
Exterior or lower glume, ffz, Inner or upper glume, /f, Inferior 
fertUe flower, fa, 'Jlwo upper abortive flowers. 

Fig. 419. — ^The same spikelet with the envelopes separated to 
show the internal parts. aa, Axis of inflorescence, ffe, Outer 
glume. ' gi, Inner glume, pe. Outer palea of thei fertile flower, 
with its awn (arista), pi, Inner palea, cleft at the apex, and 
apparently formed two united. e, lliree stamens. 0, Pistil^ 
consisting of the ovary and two styles, fa. Two abortive flowers. 
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419 ; Rg. 183, p. 126), which are either arranged in 
a sessile manner along a central axis as in wheat, 
or are a!ttached to stalks as in oatsk The spike- 
let consists of outer sciales called glumes (figs. 418, 
419 ge and gi; fig. 183 a ay p. 126). These glumes 
(bracts) usually enclose several flowers (flg. 183 h &, .p. 
126 ] fig. 418 and fd). Each of these flowers is com- 
posed of two scales called paleae (fig. 419 and pi). 
Between the outer and inner paleae are situated three 
stamens (figs. 419 e, 421 e), which are hypogynous, and 
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have anthers attached at one point to a slender thread- 
like filament, easily moved by the wind (fig. 183 a), and 
at their base scales are often placed (fig. 421 p). In the 
centre of the flower is the pistil (421 o), consisting of 
an ovary with 2 styles a a, which are feathery at the 

Fig. 420. — Diagram of the spikelet of the oat. ge, Outer 
glume, gi. Inner glume, pe, Outer palea with awn ; the inner 
palea being opposite, e, Stamens, o, Pistil. 1 1, Scales or lodi- 
culsB. fe,/8, Barren flowers. 

Fig. 421.-— Fertile flower d^eprived of glumes and palese. e. 
Three stamens with versatile cleft anthers, p, Scales (squams or 
lodicuIi») partially united, o, Ovary ultimately forming the grain, 
which Qonsists of pericarp and seed combined, s s. Two styles with 
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top. The fruit is called a grain (caiyopsis), and consists 
of a single seed closely incorporated with the pericarp, 
with the embryo lying at one side (fig. 422 e). This em- 
bryo has a single cotyledon (hg. 423 a). A diagram of 
the part of a spihelet is given in the woodcut 420. The 
leaves of grasses sheath the stem, and the sheaths are 
split. At the upper part of the sheath there is usually 
seen a process called a ligule. One of the best plants 



Fig. 422. Fig. m. 


for illustrating this order is the wheat. Of the com-, 
mon native grasses, those most easily examined by 
a beginner are the brome grasses, some of the laiger 
fescue-grasses, the lyme- grass (Elymus armarim)^ 
and the rye-grass [Lolium perenne). Among the .valu- 
able plants of the order may be mentioned the cereal 
grains, wheat, oa^ barley, rye, rice, maize, millet, the 
sugar-cane, the bamboo, and the tussac grass. 

Fig. 422. — ^Vertical section of the caryopsis (fruit or grain), 
with the upper portion cut off. Integuments of the caryopsis 
and of the seed imited, p p, Perisperm. s, Embryo, r, Badicle. 
a, Cotyledon. /, Slit corresponding to the plumule. 

Fig. 423. — ^Embryo separated, r, Badicle. c a, Cotyledon. /, 
tSUt corresponding to the plumule. . 
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QUESTIONS. 

1. Give the characters of the class Monocotylcdones or 
Endogense. 

2. Give the characters of the sub-class Fetaloidese. 

3. Give the characters of the three sections of Peta- 
loidecB. 

4. Give the characters of Orchidaceee. 

5. What is meant by the labellum of orchids 1 

6. In what class of the Linnsean system are orchids 
placed ? 

7. What is the character of the pollen of orchids ? 

8. How does the capsule of orchids open 2 

9. Give the characters of Iridaceso. 

10. What peculiarity is seen in their style ? 

11. How do their anthers open ? 

. 12. What forms of stems are met with in the Iris and 

the Crocus? 

13. Distinguish between Iridacem and Amaryllidacem. 

14. Give the characters of Liliacem. 

„ . 16. How do the anthers of Liliacese open ? 

1 6. What kind of subterranean stems occur in Liliaceoe ? 

• 1 7. Give the distinguishing characters between Liliaceoe 

and Colchicaceoe. 

18. Give the essential characters of Juncaceae. 

19. Give the characters of the. sub-class Glumiferoe. 

20. Give the essential characters of Cyperaceae. 

21. Describe a staminate flower of Carex. 

^ / 22. Describe a pistillate flower of Carex. 

23. Give the essential characters of Gramineoe. 

^ 24. What is meant by the glumes of grasses ? 

25. What is meant by the palem of grasses ? 

26. Describe a spikelet of a grass. 

27. Describe the leaves of grasses. 

28. What kind of stigmas are found in grasses ? 

29. What kind of anther occurs in grasses ? 

30. What is the nature of the fruit of grasses ? 

• * ' u 
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BnriSION B.— CryptogamouB or Flowerless Plants. 

CLASS HI.— ACOTYLEDONES. 

The plants belonging to this Class are in some in- 
st^ces composed entirely of cellular tissue, \]il other 
instances both cells and vessels are present. The 
vascular tissue in the higher orders consists partly of 
scalariform vessels (fig. 9 p. 4). Many of them have 
no true stem or leaves. The woody when pre- 
sent, consists of peculiar vascular bundles, which in- 
crease in an acrogenous manner (fig. 64, p. 41). The 
stem of tree-ferns (which illustrate this class) is un- 
branchod, more or less uniformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves 
(fig. 63, p 41). Stomata occur in the epidermis'of the 
higher divisions. Leaves, when present, have frequently 
no true venation, at other times the venation is forked. 
There are no flowers, and no distinct stameniifK o.r ^ 
pistils. Reproduction takes place by the union of cells 
of different kinds (antheridia and pistillidia or arche- < 
gonia) (figs. 253, 254, p. 171), by means of which 
germinating bodies called spores exe formed (fig. 247, 
p. 164). The spore may be considered as a cellular 
embryo, which has no cotyledons, and germinates from 
any part of its surface. 

Sub-Class I. — ^Acroqenje. 

Acotyledons, having usually distinct stexiis and' 
leaves, stomata, a certain amount of vascular tissue, and 
thecsB or cases containing spores. 

Order riLTCEs,the Fern Family (figs. 424-427). Stem, 





either a rhizome (fig. 424), which creeps along or under 



. Fig. 424. — Rhizome of Scolopendriim mXgwn^ common liart’s- 
tongue, with several fronds (leaves), f\ f", in . different 
degrees of development. In /' and f the circinate vernation is 
seen. In/*", the linear transverse sori or clustei-s of sporangia are 
seen, having the appearance of dark lines on the lower surface of 
the frond. 

Figs. 425-427. — Frond and.fructification of Polystichumangvlare, 
^ — angular-leaved shield feni — to illustrate the natural order Filices. 

Fig. 425. — Part of the frond seen on the lower surface, p. 
Two pinnae covered with sori, having an indusium. r, Rochis or 
central stalk of the frond. 

Fig. 426. — One of the sori or clusters of sporangia cut verti- 
cally. 71, The vein bearing it. 4, Indusium or fold of the frond 
covering it.' c, Thecae or sporangia (spore-cases). 

Fig. 427.— One of the thecae separated at the period of dehi- 
scence. a. Incomplete annulus, or ring, which is elastic, and 
causes transverse dehiscence of the theca, p^ Stalk of the theca. 
s, \ 
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the surface of the ground, and emits descending roots 
and ascending fronds (leaves), or an acrogenous trunk 
which rises into the air (fig. 62, p. 40). This trunk 
(caudex or stipe) is of nearly uniform diameter, hollow 
inside, marked on the hard outer rind by the scars 
(cicatrices) of the leaves (fig. 63, p. 41), and contains 
vascular bundles of woody, dotted, and scalariform 
vessels, which are arranged in an irregular manner (fig. 
64, p. 41). Sometimes the trunk divides into two 
(forks). The leaves (fronds) have a crozier-like (circi- 
nate) vernation (fig. 424 /) ; their veins are generally 
of equal thickness, either simple or dividing in a 
forked manner (fig. 425), or somewhat reticulated.. 
Eeproductive organs consist of spore-cases (thecae, 
sporangia), which arise from the veins on the under • 
surface of the fronds (figs. 424 425 a, 426), or from 

their maigin. Spore -cases are either stalked, with the 
pedicel passing round them in the form of an elastic^ 
ring (fig. ,427), or sessile and destitute of a ring. They 
sometimes arise from the surface of the fi;ond, while at 
other times they spring from below, having a cuticular 
covering in the form of an indusium or involucre (figs. 
425 ; 248, p. 1 69). The clusters of thec» are called sori 
(fig. 426). The margin of the frond sometimes is 
folded so as to cover the thecae, and at. times the frond ^ 
is, as in the royal fern (fig. 25 0, p. 170), partially con- 
verted into clusters of thecae. For further particulaps 
in regard to feriis, see pages 168-171. 

Ferns abound in moist insular climates. They 
characterise the New Zealand Flora. They are elegant 
frond-bearing plants, occurring largely in the tropical 
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islands, and in mild climates. They sometimes occur 
in the form of large tree-ferns, fifty to sixty feet high 
(fig. 62, p. 40), which give a peculiar feature to the 
landscape. 

The generic characters of Ferns are founded on the 
position and direction of the sori, their covered or un- 
covered condition, as well as on the venation. 

For remarks in regard to mosses {Musci), another 
acrogenous order, see pages 171 and 172. 

Sub-Glass II. — Thallogen^ ob Cellulareb. 

Acotyledons composed entirely of cellular tissue, 
•having no distinct axis, no true leaves, and no stomata ; 
propagated by means of spores, which are often enclosed 
' in tubes called aacL 

Under this divisioii are included lichens, fungi (the, 
mushroom order), and algas, or cryptogamic plants found 
•in fresh and in sea water. 

For remarks on the character of these orders, see 
pages 173 to 181. 

QUESTIONS. 

1. Give the general characters of Cryptogamous 
plants. 

'2. What is the nature of their embryo ? 

3. What is the character of their stems ? 

4. Describe the sub-class Acrogense. 

6. Give the characters of the order Filices. 

6. What kind of sporangia occur in Ferns ? 

7. What is mecmt by the indusium or involucre of 

ferns ? ■ 

8. What kind of vernation occurs in ferns ? 

9. What kind of vascular tissue occurs in ferns ] 

. 40. How are the spores of ferns scattered ? 
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. 11. What is meant hy the sori of fema ? 

12. In what climates do ferns abound.? 

1 3. Describe the sub-class Thallogenm or Cellulares. 

1*4. Mention some plants in this sub-class. 

We have now given a description of the structure 
or anatomy of plants, of the forms and arrangement of 
their various organs — roots, stems, leaves, .flowers, 
fruit, seed, and embryo — along with their functions and 
uses. We have also explained the systems of artifi- 
cial and natural classiflcation, illustrating the latter in 
a special manner by means of several natural orders. 

No step can be taken in classification, or in what is 
called systematic botany, unless the pupil has become 
fully acquainted with the facts contained in Part I. 
It is vain to attempjb to understand classes, orders, * 
genera, and species, without a thorough knowledge of 
the parts concerned in classification. When a student ,, 
takes an unknown flowering plant into his hand, and* 
wishes to make out its place in a system, and "to know, 
its relation and affinities, he looks first at the stem or 
branch, leaves, and flowers; and by the structure, vena- 
tion, and symmetry of these organs, he can at once refer 
it to its great class in the natural system. Then, by 
an examination of the position of the stamens, and of 
the perianth, by the presence or absence of the 
corolla, and by its character when present, he can find 
the sub-class and the section to which the specimen 
belongs. The next step is to determine the order. 
This requires a fuller examination of all the reproduc- 
tive organs, from the calyx to the embryo. Assistance 
in ascertaining the order is provided by analytical 
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tables, such as those given in my Glass Book of Botany 
(pp. 791, 842, 871, etc.)j or in the floras of Hooker and 
Amott, Babington and Bentham. The order having 
been ascertained, the genus is next to be determined. As 
British plants should be studied in the first instance, the 
student may have recourse to the floras just mentioned, 
and in these he will find the characters detailed so as to 
lead to the determination of the genus and species. , The 
description, however, of plants cannot bo comprehended 
unless the student has a sound foundation of vegetable 
anatomy, or, as it is called, vegetable organography. 
Certain terms are used in the descriptions of 
plants, and without a complete understanding of these 
it is vain to attempt to follow the characters laid 
down in botanical works. Strict definitions are re- 
quired in botany as in all the natural sciences, and 
accuracy of description is absolutely necessary. Hence 
the value of this science in training the mind to observe 
and discriminate correctly. In studying terms, how- 
ever irksome it may appear, the student is not losing 
time. He is acquiring correct ideas as to the structure 
forms, arrangements, and development of the various 
parts of plants ; and the lesson which he thus learns* 
will be of great service to him in after-life. Personal ex- 
amination of plants in the garden and in the fields is 
absolutely essential to the student of botany. Thus, 
his studies, while they train his mental powers, also 
invigorate his bodily frame, and lead him to take an 
intelligent and comprehensive view of the plants with 
which God has clothed the globe, from the minute 
.lichen or moss up to the stately trees of the forest. 
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EXPLANATION OF SOME BOTANICAL TERMS. 


A, alphas privative of the Greek, the filament and anther in Banun 
placed before- a Greek or Latin cuius. 

word, indicates the absence of the Adventitious, o^ans produced in 
organ : thus, aphyllus, leafless ; abnormal positions, as roots aris- 
acaulis, stemless. ing from aerial steins. 

Abnormal, deviating ft'om regularity iBsTivATioN, the arrangement of tins 
or from the usual form or strilcture. parts of the flower in tlie flower-bud . 

Abortion, suppression of mi organ, Avfimitt, relation in all essential 
depending on non-developnient. organs. 

Achkne or Aomaknium, a monosper- Ala, a wing, applied to the lateral 
inal (single -seeded) seed-vessel petals of a papilionaceous flower, 
which does not open, but the peri- and to membranous appendages of 

carp of which is separable from the the fruit, os in the elm, or of the 

seed. seed, as in pines. 

Achlamydbous, having no floral en- Albumen, the nutritious matter 
nalDpe. stored np with the embryo, called 

Aootyledonous, having no cotyle- also Ferwperm and. Endosperm. 

dons. Alburnum, the outer young wood of 

Acbooen and Acrooenous, a stem . a Dicotyledonous steim 
formed by the bases of fronds in Alternate, arranged at different 
ferns, increasing by its summit, heights on the same axis, as when 
and having its vascular tissue in eachleafissexiaratedbyintemodes 
irregularly-fo]:med bandies, from those next to it ; or opposite 

Acbob, in composition aero, tlie to the spaces between the parts in 
summit. the next whorl, as in flowers. 

Aouleus, a prickle, a process of the Amentum, a catkin or deciduous sta- 
bark (not Qf the wood), as in the minate spike ; plants having cat- 
Bose. kins are Amentiferous. 

Acuminate, drawn out into a long Amplbxicaul, embracing the stem 

g oint, but with the sides slightly over a large part of its circumfer- 
ollowed. ence. 

Acute, terminating gradually in a Anastomosis, union of vessels, form- 
sharp point. ing a kind of network ; ’union of 

Adelphous or Adelphia, in com- the final lamiflQations of a leaf, 
position, means union of the flla> Anatropal or Anatbopous, an in- 
ments of the stamens. verted ovule, the hilum and mi- 

Adherent, unit6d, -adhesiun of parts cropyle being near each other, .and 
that are normally separate, as when the chalaza at the opposite end. 
the calyx is united to the ovary. Anbb, stamen, in composition An- 
Adnatb, when an organ is united dro, Androus, and Andria. 

•.to another* thronghout its whole Anoiospermous, having seeds con- 
length, as the stipules in Bose, and tained in a seed-vessel. 
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Annual, applied to plants vhlch 
spring from seed, flower, and die 
in the same year. 

Annulus, a ring, applied to the elas- 
tic rim surrounding the sporangia 
of some ferns ; also to a cellular 
rim on the stalk, of the Mushroom, 
being the remains of the veil. 

Anterior, same as inferior, when 
applied to the parts of the flower 
in their relation to the axis ; next 
tile bract or in front. 

Anther, the part of the stam^m con- 
taining pollen. 

Antheridium, staminal organ in 
Cryptogamie plants, frequently 
containing moving filaments. 

AP£t1ix)US, without petals ; in other 
words, monochlamydeous. 

Apex, the end furthest from the 
point of attachment. 

Apocarpous, ovary and fruit com- 
posed of numerous distiimt carpels. 

Apothecium, the rounded shield-like 
fructification of lichens. 

Archegonium, the young pistilline 
cellular organ in Cryptogamie 
plants. 

Aril and Abtllode, an extra cover- 
ing of the seed, as in Mace. 

Arista, an awn, a long-pointed pro- 
cess, as in Barley and many Grasses 
which are called Aristate, 

Articulated, Jointed, separating 
easily and cleanly at some point.' 

Ascidium, a pitcher or folded leaf, as 
in Nepenthes.' 

Ascus, a bag, applied to the theem of 
Lichens and other Cryptogams, 
containing sporidia or spores. 

Awn and AwnEd, see Arista and 
Ariatate. 

Axil, the upper angle where the leaf 
joins the stem. 

Axillary, arising flrom the axil of a 
leaf. 

Axis is applied to the central portion 
of the young plant, whence the 
plumule and radicle are given off, 
and the name is given in general 
to the central organ bearing buds. 

Bacca, berry, a fruit having a soft 
outer covering, and seeds immersed 
in pulp. All such fhiits ore called 
Baccate. 

Bark (cortex), the outer cellular and 
flbrous covering of the stem ; separ- 
able from the wood in Dicotyledons. 

Basal or Basilar, attached to the 
base of an organ; 


Base, the end nearest to the point of 
attachment. 

Bast or Bass, the inner flbrous bark 
of Dicotyledonous trees. 

Bifid, two-cleft, cut down to near 
the niiddle into two parts. 

Bilocular, having two loculamcnfs. 

Bipartite, cut down to near the 
base into two parts. 

Bipinnate, a compound leaf, divided 
twice in a pinnate manner. 

Biptnnatifid* a simple leaf, with 
lateral divisions extending to near 
the middle, and which ore also 
similarly divided. 

Bipinnatipartite, differing from bi- 
pinnatifid in the divisions extend- 
ing to near the midrib. 

Biporose, having two rounded open- 
ings. 

Bis, twice, in composition Bi. 

Bisbrratb, or duplicate -serrate, 
when the serratures are themselves 
serrate. 

Biternate, a compound leaf divided 
into three, and each division again 
divided into three. 

Blade, the lamina or broad part of ‘ 
a leaf, as distinguished from the 
petiole or stalk. 

Blanohino, see Etiolation^ 

Bole, the trunk of a tree. 

Bbaot, a leaf more or lesat changed 
in form, from which a flower or . 
flowers proceed ; flowers bjAVing ' 
bracts are called Bract&tted. 

Bracteole or Bractlet, a small * 
bract at the base of a separate • 
flower in a many-flowered inflores- 
cence. 

Bulb, an underground bud covered 
with scales. 

Bulbil or B.ULBLET,separablebudsin 
tho axil ot leaves, as in some Lilies. 
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Calyx, tho outer envelope of the 
flower; when there is only one 
envelope it is the. calyx. 

Cambium, mncflaginoua cells, be- 
tween the hark and the young 
wood, or surrounding the vessels. . 

Campanulate, shaped like a bell, as 
the flower of Harebell. 

Capitate, plu-like, having a rounded 
summit, as some hairs ; also grow- 
ing in heads or close clusters. 

Capitulum, head of flowora in Com- 
posita*. 

Capsule, a dry seed-vessel, opening 
by valves, teeth, pores, or a lid. 

Cabiea, keel, the two partially united 
lower petals of papilionaceous 
flowers. 

Cahinal, applied to aestivation when 
the carinn embraces the other parts 
of the flower. 

CARPELorCARPiDiUMjtheieafforming 
the pistil. Several carjiels may enter 
into the composition of one pistil. 

Carpophore, a stalk bearing the I 
pistil, and raising it above the 
whorl of the stamens, as in Lych- 
nis. 

Carpos, fruit ; in composition Carpo. 

Cabyopsis or CARiorais, tho mono- 
spennal (single-seeded) seed-vessel 
of Grasses, tlic pericarp being in- 
corporated with the seed. 

Catkin, same as Amentum. 

Caudex, the stem of Talms, and of 

^ee-ftms. 

Caudicle, the-process supporting a 
pollen-mass in Orc^hids. 

Caulescent, having an evident stem. 

Caulis, an aerial stem. 

Cellulose, the chemical substance 
of which the cell-wall is composed. 

Centrifugal, applied to that kind 

. of Inflorescence in which the flowers 
in the centre or at the top open 
first. 

Centripetal, applied to that kind of 
inflorescence in which tho flowers at 
the circumference or base open first. 

Cereal, applied to Wheat, Oats, 
Barley, and other grains. 

Chalaza, the place where the 
nqnrishing vessels enter the nn- 
cleuB of the ovule. 

Ghlabiys, covering, applied to the 
floral envelope; in composition, 
CJdamydeom. • 

Chlorophyll, the green colouring 
matter of leaves. 

.Chloros, green; in composition 
• CJj^. 


Chbomooen and Chromule, the 
colouring matter of flowers. 
Cioatbicula, the scar left after tho 
falling of a leaf; also applied to 
the hilum or base of tbe seed. 
Cilia (cilium), short stiff hairs 
fringing the margin of a leaf; also 
delicate vibratilo hairs of moving 
spores. . 

CiNENCHVMA, laticiferous tissue, 
foimed by vessels which unite and 
form a sort of network. 

Cibcinate, rolled u]) like a orozier, 
as tho young fronds of Ferns. 
CiRcuMscissiLB, ciit I'uund ill a cir- 
cular nianuer, such as seed-vessels 
opening by a lid. 

Cirrus, a tendril, or modifled leaf in 
tbe form of a twining process; 
Cirrose, having a tendril, or ten- 
dril-liko. 

Clavatr, club-shaped, becoming 
gradually thicker towards the top. 
Claw, the narrow base of some 
petals, eorrespondiug to the petiole 
of leaves. 

Clew, divided to abimt tbe middle. 
Cloves, applied to young bulbs, as 
in the Onion. 

CoLEORHTZA, a shesth covering tho 
radicles of a monocotyludonous 
embryo. 

Column, a port in the flower of an 
Orchid supporting the anthers and 
stigma, and formed by the union 
of the styles and lilainents. 

CoMosE, furnished wdth hairs, as the 
seeds of the Willow. 

I Compound, composed of several 
I parts, as a leaf formed by several 
I separate leaflets, or a pistil formed 
by several caipels, either separate 
I or combined. 

; Compressed, flattened laterally or 
lengthwise. 

I Cunoeptacle, a hollow sac contain- 
ing a tnft or cluster of spores. 

' Conduplicate, folded upon itself ; 

applied to leaves and cotyledons. 
Cone, a dry multiple fruit, formed 
by bracts covering naked seeds or 
ovaries. 

Conjugation, union of two cells, so 
as to devolope a spore. 

Connate, when parts are united even 
in the early state of development ; 
applied to two leaves united by 
their bases. 

Connective, the part which connects 
the anther lobes. 

CoNNiVBNT, when two organs, as 
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petals, arch over bo as to meet oence, in which the flowers are In 
above. racemes, corymbs, or umbels, the 

Convolute, when a leaf in the bud sdccessivQ central flowers expand- 
is rolled upon itself. ‘ ing first ; Cymoset inflorescence in 

CoRD) theprocess which attaches the the form of a cy me. 

seed to the placenta. Cttoosnbsis, oell-development. 

Cordate, heart-shaped, a plane body Cttos, a cell : in composition Cyto. 
witli the two lobes or broad part Of 

the heart next the stalk or stein ; Dboa, ten, in Greek words, same as 
Cordate-based leaf is of any shape, the Latin Decern; as decandrous, 

but has two lobes at the base. having ten stamens ; decagynoua. 

Coriaceous, having a leathery con- having ten styles. 

sistence. Deciduous, falling off after per- 

CoRM, thickened underground stem, forming its functlohs for a limited 
as in the Colchicum and Arum. time, as calyx of Ranunculus. 
Corolla, the inner envelope of the Deciduous Trees, which lose their 
flower. leaves annually. 

CoROLLiFLORiB, Gainopetalous Ezo- Decurrbnt, leaves which* are at- 
gens, with hypogynous stamens. tached along the side of a stem 

Corona, a coronal appendage, as the below their point of insertion. 

crown of the Daffodil. Such stems are often called 

Cortex, the bark ; Cortical, belong- Winged. 
ing to the bark ; Corticated, having Decussate, opposite leaves crossing 
a bark. each other in pairs at right angles. 

Corymb, a raceme in which the lower Definite, applied to inflorescence 
stalks are longest, and all the when it ends in a single flower, 

flowers come nearly to a level and the expansion of the flowers is 

above; Corymbi/erotia or Corym- centrifngal; also when the 'hum - 

base, bearing a corymb, or in the . her of the parts of an organ is 
form of a coiymb. limited, as when the stamens aio 

Costa, a rib, applied to the promi- under twenty, 
nent bundles of vessels in the Defoliation, the fall of the leaves, 
leaves ; CostaU, provided with DKOBNERATioN, when an o^n is 
ribs. changed fh>m its usual appear- 

Cottledon, the temporary leaf or ance and becomes less highly 

lobe of the embryo. developed, as when scales Tiifiie 

Cremocarp, the fruit qf Umbellirerm, the place of leaves, 

composed of two separable achenes Dehiscence, mode of opening of an 
or mericarps. , organ, as of the seed-vessel and 

Crenate, having superficial rounded , anther. 

marginal divisions. Dentate, toothed, having short 

Crown of the Root, the short stem triangular divisions of the margin, 
which is at the upper part of the The term is also applied to the 
root of perennial herbs. supesflcial divisions of a gamo- 

Cruoiform and Cruciate, arranged sepalous calyx and a gamopetalous 

like the ports of a cross, as flowers corolla. 

of Crucifene. Denticulate, flncly toothed, having 

Cryptooamous, orgWB of reproduc- small tooth-like projections along 
tion obscure. the margin. 

Cryptos, inconspicuous or con- Depressed, flattening of a solid 
cealed : in composition Crypto, organ fh>m above downwards. 
Culm, stem or ktalk of grasses. Determinate, applied to deflnite or 
Cuneiform or Cuneate, shaped like cymbse inflorescence. » 
a wedge standing upon its point. Diaoelsmium, > same as Crmooarp, 
Cupula, the cup of the acorn, formed fruit composed of two achenes^ 

by aggregated bracts. Diadelfhous, stamens in two 

Cuticle, the tliin layer that covers bundles united by their fllaments. 

the epidermis. Dichlamvdxous, having oidyx and 

Cyclosis, movement of the latex, in corolla. 

laticlferoiis vessels. Dichotomous^ stem .divldl^ by 

Cyme, a kind of deflnite inflores-. twos. ; . 
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piooTYLBDONOtTS, embryo having 
two cotyledons. 

Didtnamous, two long and two 
short stamens. 

Digitate, compound Jeaf composed 
of several leaflets attached to one 
point. 

Digynous, having two styles. 

Dimebous, composed of two pieces 

Dkecious, staminiferous and pis- 
tilliferous flowers on separate 
plants. 

Die, twice, in composition Di, same 
as Latin Bis or Bi; as disepdimst 
having two sepals; dispemous, 
two-seeded. 

Discoid, applied to the tubular 
flowers of Composit®. 

Discs, the peculiar rounded and 
dotted markings on coniferous 

Disk, a part intervening between 
the stamens and the pistil in the 
form of scales, a ring, etc. 

Dispermous, having two seeds. 

Dissected, cut' into a number of 
narrow divisions. 

Dissepiment, a division in the 
ovary ; when formed by edges 
of the carpels ; /abc, when formed 
othenvise. 

Distichous, in two rows on opposite 
sides of a stem. 

Dgdeca, twelve ; in Latin JDuodedm. 

Dodecagynous, having twelve styles. 

DylliCANDROus, having twelve sta- 
niens. • ' 

Dorsal, applied to the suture of the 
CRrpel which Is farthest from the 
axis. 

Dorsiferous, Ferns bearing fructi- 
fleatiou on the hack of their 
fronds. 

Dorsum, the back, the part of the 
carpel which is farthest from the 
axis. 

Double Flower, when tlie organs 
of reproduction are converted into 
• petals; . 

Drupe, a fleshy fruit like the 
Cherry, having a stony endocaip. 
Drupels, small drui)e8 aggregated 
to form a fruit, as in the Rasp- 
berry. 

Duramen, heart-wood of Dicotyle- 
donous treeA 

Dy^amib, power, in. composition 
means superiority In length; as 

* didymwm, two stamens longer 

• than two others. 


E or Ex in composition corresponds 
to alpha privative ; as ebracteated, 
without bracts; exaristate, without 
awns ; edentate, without teeth ; 
estate, without ribs. 

■Elliptical, having the form of an 
ellipse ; oval, but acute at each 
end. • • 

Eharoinate, with a superficial por- 
tion taken out of the end. 

Embryo, the young plant contained 
in the seed. 

Embryogbny, the development of 
the embryo in the ovule. 

Embryology, the study of the for- 
mation of the embryo. 

Embryo-sac, the cellular bag In 
which the embryo is formed. 

Endeca, in Greek, eleven ; in Latin, 
undecim. 

Endecaoynovs, having eleven styles. 

Endecandrous, having eleven sta- 
mens. 

Endocarp, the inner layer of the 
peTieari> ne^t the seed. 

Endochrome, the colouring matter 
of cellular plants. 

Endooen, an ipward grower, having 
an endogenous stem; same as 
Monocotyledon. 

Endon, within or inwards, in com- 
position Endo. 

Endophixeum, the inner bark or 
liber. 

Endopleura, the inner coat of the * 
seed. 

Endorhizal, numerous rootlets, 
arising from a common radicle,^ 

- and passing through sheaths, as 
in endogenous genuihation. 

Endohmohe, movement of fluids in- 
wards through a menibmne. 

Emnea, nine ; in Latin Eovem. 

Enneaqynous, having nine styles. 

Enneandrovs, having nine stamens. 

Entire (integer), without marginal 
divisions ; (integerrimus), without 
either lobes or marginal divisions. 

Envelopes, Floral, the calyx and 
corolla. 

Epi, upon, in composition, means on 
the outside or above, as epicarp, 
the outer covering of the fruit; 
epiffynoue, above the ovaiy. 

Epicalyx. outer calyx, formed either 
of s^als or bracts, as in Mallow 
and Fotentilla. 

Epicarp, the outer covering of the 
fruit. 

Epidermis, the cellular layer cover- 
ing the external surface of plants. 
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Epigynous, above the ovary. 

Epiphyte, attached to another plant, 
•and growing suspended in tlio air. 

Episperm, the outer coat of the 
seed. 

Eqditant, applied to leaves folded 
longitudinally, and overlapping 
each other without any involution. 

Erect, applied to an ovule which 
rises from the base of .the ovary; 
also applied to innate anthers. 

Etiolation, ■blanching, losing colour 
in the dark. 

Exalbuminous, without a separate 
store of albumen or perisperin. 

Exannulate, without a ring, applied 
to some Ferns. 

Bxcurrent, running out beyond the 
edge or point. 

Exo, in composition, on the outside, 

Exooen, outward-grower having an 
Exogenous stem, same os Dicoty- 
ledon. 

Exohhizal, radicle proceeding di- 
rectly from the axis, and afterwards 
* branching, as in Exogens. 

Exosmose, the passing outwards of 
a Iluid tlirough a membrane. 

Exberted, extending beyond an or- 
gan, as stamens beyond the corolla. 

ExsTiPiiLATE, without stipules. , 

Extine, the outer covering of the 
pollen-grain, 

Extrorse, applied fo anthers which 
open on the side farthest removed 
from tlie pistil. 

Fascicle, a shortened nmbellato 
cyme, rs in some species of Dian- 
thus (pink). 

Fasciculate, similar parts springing 
in a bundle from one ])oiut. 

Feattieb-veined, a leaf having the 
veins passing from the midrib at a 
more or less acute angle, and ex- 
tending to the margin. 

Fertile, applied to pistillate flow- 
ers ; and to the fruit-bearing frond 
of Perns. 

Fibro-cellular tissue, composed of 
spiral cells. 

Fibrous, composed of numerous 
fibres, as some roots. 

Fibro-vabculak tissue, composed of 
vessels containing spiral and other 
fibres. 

Fid, in composition, cleft, cut down 
to about the middle. 

Filament, stalk supporting the an- 
ther. 

FiuroBM, like a thread. 


Fimbriated, fMnged at the margin. 

Flabellifobm, fan-shaped, as the 
leaves of some Palms. 

Flagellum, a runner, a weak, creep- 
ing stem bearing rooting buds at 
different points, as in the Straw- 
berry. 

Floral Envelopes, the. calyx and 
corolla. 

Foliation, the development of 
leaves. 

Follicle, a fruit fomed by a single 
carpel, dehiscing by one suture, 
which is usually the ventral. 

Foramen, the opening in the cover- 
ings or coats of the ovule. 

Fovilla, minute granular matter in 
the pollen-grain. 

Frond, the leaf-like organ of Ferns 
bearing the fiuetillcation ; also ap- 
plied to the thallus of many Cryp- 
togamics. 

Pbustuj.es, the parts or fragments 
into which Diatoms separate. 

Frutex, a shrab. 

Froticose, shrubby. 

Fugacious, evanescent, falling off 
early, as the petals of Cistus. 

Funiculus, the cord connecting the 
hilum of the ovule to the placenta. 

Funnel-shaped, see Itifundibuli' 
form. 

Furcate, divided into two branches, 
like a two-pronged fork. • 

Fusiform, shaped like a spindle. 

Galea, applied to a sepal 'or 
shaped like a helmet ; the part is 
called Galeate. 

Gamo, in composition, means union 
of parts. 

Gamopetalous, same as Jifonopcfal- 

i ous, petals united. 

Gamosepalous, same as Monosepal- 
ous, sepals united. 

Gemma, a leaf-bud ; Gemmation, the 
development of leaf-buds. 

Gemmule, same as PlumvUfi, the first 
bud of the embryo. 

Geniculate, bent like a knee. 

Germbn, same as ovary. 

Germinal Vesicle, a cell contained 

j in the embryo-sac, from which the 
embryo is developed. 

Germination, the sprouting of the 
youiig plant.- 

Gibbous, swollen at the base, oi; 

. having a distinct swelling at some 
part of the suiface. 

Glabrous, smooth, without hairs. 

Gland, an organ of secretion couc 
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sisting of cells, and generally oc- 
curring on the epidermis of plants. 

Glandular Hairs, hairs tipped with, 

. a gland, as in Drosera and Chinese 
Primrose. 

Glans, nnt, applied to the Acorn 
and Hazel-nut, which are enclosed 
in bracts. 

Glaucous, covered with a pale-green 
bloom. 

Glume, a bract •covering the organs 
of reproduction in the spikelets of 
Grasses, which are hence called 
Glumiferous. 

Glumelle and Glumellule, a name 
applied to the palea or pale of a 

Grain, caryopsis, the ftnit Of Cereal 
Grasses. 

Grains of pollen, minute cells com- 
posing the. })ollon. 

Gvmnos, naked ; in composition 
Qymno. 

Gtmnospermous, plants with naked ! 

seeds, i. R. seeds not in a true ! 
■ ovaiy, n.s Conifers. 

Gvnanduous, stamen and pistil 
united in a common column, as in 
Orchids. 

Gvne, pistil, and Gyn, Gvnous, and 
Gymo, in composition, refer to the 
pistil or the ovary. 

Gynophore, a stalk supporting the 
ovary. 

Gyrate, same as Circinate. , 

. Gyration, same as Rotation in cells. 

Hastate, halbert-shaped, applied to 
, a leaf with two portions at the 
base projecting more or less com- 
pletely at right angles to the blade. 

Heart-wood, same as Duramen. 

Helicoid A L, having a coiled appear- 
ance like the shell of a snail, ap- 
X)lied to inflorescence. 

Helmet, the upper petaloid sepal of 
Aconituni. 

IlEMi, half ; same as Latin Semi. 

Hemicarp, one of the achenes form- 
ing the fruit of Umbelliferte. 

Hepta, seven ; same as Latin Septem. 

Heptaoykous, having seven styles. 

Heptandrous, having, seven sta- 
mens. 


Herb, a plant with an annual stem,. 

opposed to a woody plant. 
Herbaceous, green succulent plants 
which die down to the ground ip 
winter ; annual shoots ; green- 
• coloured cellular parts. 
Heterobbizal; rootlets proceeding 


from various points of a spore 
during germination. 

Hexa, six ; same as Latin Sex. 

Hexaoykous, having six styles. 

Hexandrous, having six stamens. 

Hildm, the base of the seed to which 
the placenta is attached either 
directly or by means of a coid. 
The term is also applied to the 
mark at one end of some grains of 
starch. 

Hirsute^ covered with long stiff 
hairs. 

Hispid, covcTred with long very harsh 
haii-s. 

Histology, the study of microscopic 
tissues. 

Hoarv, •covered with greyish-white 
down. 

Hybrid, n xdant resulting from the 
feHIlisation of one species by 
another. 

Hymenium, the part which bears the 
fructiDcation in Agarics. 

Hypo, under or below ; in composi- 
tion, Jfj/p. 

Hypogynous, inserted below the 
ovary or pistil. 

Icosandria, having twenty stamens 
or more, inserted on the calyx ; 
Jeosandroua, having twenty sta- 
mens. ' 

Icoai, twenty ; In coinpostion Tcos. 
Same os Latin Viginti. 

Imbricate or Imbricated, pails 
overlying each other like tiles on 
a house. Imbricated CBatimtio-n, 
the XMirts of the flower-bud alter- 
nately overlapping each other and 
arranged in a spiral manner. 

Impari-pinnatk, unequally-pinnate, 
X>innate leaf ending in an odd leaflet. 

Incumbent, cotyledons with the 
radicle folded on tlieir back. 

Indefinite, applied to inflorescence 
with centripetal expansion ; also 
to stamens above twenty, and to 
ovules and seeds when very nu- 
merous. 

Indebtscent, not opening ; liaving 
no regular line of suture. 

Indeterminate, applied to indefinite 
inflorescence. 

Indigenous, an aboriginal native in 
a country. 

Induplioatb, edges of the sepals or 
petals turned slightly inwards in 
aestivation. 

Indusium, epidermal covering of the 
fructification in some Ferns. 
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Inferior, applied to the ovary when 
it is situated helow the calyx ; and 
to the part of a flower fartliest 
from the axis. 

Inflorebcengb, the mode in which 
the flowers are arranged on the axis. 

iNFUNOisuLiFORic, in Shape like a 
funnel, as seen in some gamope- 
talous corollas. ' 

INNATE) applied to anthers when 
attached to the top of the flhunent. 

Inserted, growing upon. 

Intbrnodb, the portion of the stem 
between two nodes or leaf-bads. 

iNTERPETioiiAR, between the petioles 
of opposite leaves ; as the stipules 
of Cinchona. 

INTERHUPTEDLY-PINNATE, a pinnate 
leaf in which pairs of small pinnsB 
occur between the larger pairs. 

Intine, the inner covering of the 
])ollen-grain. 

Introrse, applied to anthers which 
open on the side next the pistil. 

Inverted or Inverse, applied to the 
embryo when the radicle is directed 
to a point at the opposite end of 
the seed ftom the hilum. 

Involucel, bracts surrounding the 
partial umbel of Umbelliferee. 

Involucre, bracts surrounding the 
general umbel in Umbelllferse, the 
heads of flowers in Compositse, 
and in gcneinl any verticillate 
bracts surrounding numerous 
flowers. Also applied to the In- 
dusium of Fejms. 

Involute, edges of leaves rolled 
inwards spirally on each side, in 
aestivation. 

Irbeoular, ftvflover in which the 
parts of any of the verticils differ 
in size. 

Joinings, the places where the parts 
of the stem are attached to each 
other, the nodes. 

Joints, the spaces between tlie 
joinings, nodes, or knots; the 
parts joined. 

JuouM, a pair of leaflets; jugaU, 
applied to the pairs of .leaflets in 
compound leaves ; urv^ugate, one 
pair; hijugate, two pairs, wd so on. 

Keel, same as Carina. 

Kneed, sec GenvyiUate. 

Labellum, lip, one of the divisions 
of the inner whorl of the flower of 

, Orchids. This part is in reality 


I superior, bnt becomes inferior by 
the twisting of the ovary. 

' Labiate, lipped, applied to irregular 
i gamopetadons flowers, witii an 
upper and nnder poition separated 
more or less by a hiatus or gap. 
Lacuna, a large space in the midst 
of a group of cells. 

Lamella, gills of an Agaric, also 
applied to flat divisions of the 
stigma. 

LXmina, the blade of the leaf, the 
brood part of a petal or sepal. 
Lanceolate, narrowly, elliptical, 
tapering to each end. 

Lateral, arising from the side of the 
axis, not terminal. 

Latex, granular fluid contained in 
laticiferous vessels. 

Latioifbboub, vessels containing 
latex, which unite together, and 
form a sort of network. 

Latibbpta, Cruciferous plants hav- 
! ing a broad replum in their 
I silicula. 

I Leaflets, the subdivisions of com- 
pound leaves. 

Legume, a pod composed , of one 
j carpel, opening usually by ventral 
and dorsal suture, as in Pea. 
Liber, the fibrous inner bark or en- 
dophloeuii;!. 

Lionine, woody matter which 
thickens the cell-walls, t 
Ltgulate, strap-shaped florets, as 
in Dandelion. . _ 

Lioulb, a process arisingefrotB^ihe 
petiole of grasses whero it joins 
the blade. 

Lioulifloka, Composite plants hav- 
ing ligulate florets. 

Limb, the blade of the leaf; the 
brood part of a petal or sepal ; 
when sepals or petals are united, 
the combined broad parts are 
denominated collectively the limb. 
Linear, very narrow leaves, in 
which the length exceeds greatly 
the breadth. 

Lobe, large divlBlon of a leaf or any 
other organ ; applied often to the 
divisions of the anther. 
Loculicidal, friiit dehiscing through 
the back of the carpels. 

Loculus or Loculament, a cavity in 
an ovoiy which is called unilocular 
when it has one cavity, bilocular 
with two, and so on. The terms 
are also applied to the anther. 
Looubta, a spikelet of graaseo 
fonned of one or Beveral flowers^ 
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Lodioule, a scale at the hase.of the 
ovary of Grasses. 

Lomentum and Lombntaceous, ap- 
plied to a lemmo or pod with 
transverse pa^itions, each division 
containing one seed. 

Lyrate, a pinnatifid leaf with a large 
terminal lobe, and smaller ones as 
we approach the petiole. 

Mabcescent, withering, bnt not 
falling off until the part bearing 
it is pei'fected. 

Mattulla, the fibrous mister cover- 
ing the petioles of Palms. 

Medulla, the cellular pith. 

Medullary Rays or Plates, cel- 
lular prolongations uniting the pith 
and the bark. 

Medullary Sheath, sheath contain- 
ing spiral vessels surrounding the 
pith in Exogens. 

Membrane, the wall of a cell, or a 
thin covering formed by flattened 
cells. 

Membranous, having the consistence, 
structure, and aspect of a mem- 
brane. 

Mkhioarp, single-seeded di7 carpel 
separating from a compound fruit, 
as in Umbellifero! and Labiates. 

Mesocarp, middle coveribg of the 
ft-utt. 

Mesophlosum, middle layer of bark 

Mebos, the middle, in composition 
Meso. ' 

MiCBitfYLE, the opening or foramen 
the Seed. 

Micros, small, in composition Micro. 

Monadelphous, stamens united into 
one bundle by union of their fila- 
ments. 

Monandrous, having one stamen. 

Monilii^’orm, beaded, cells united, 
with interniptions, so as to ro- 
semble^a string of beads. I 

Monochlamydeous, flower having a 
single envelope, which is th^ calyx. 

Monocotyledonous, having one co- 
tyledon in the embryo. 

Moncecious, stamens and pistils in 
dilferent flowers on the same plant. 

Monoovnous, having one pistil or 
carpel; also applied to plants 
having one style. 

Monopetaloub, same as Gamopeia- 
Uma. 

Monos, one, in composition Mono 
and Mon, as Monandrous, one 
stamen ; sometimes applied to the 

^ union of parts into one, as Mono- 


petdbma, meaning combined petals, 
same* as Latin Unus. 

MoNOBEPALOUB,same as Gamoaepaltna, 

Monospermous or Monospermal, 
having a single seed. 

Morphology, the study of the forms 
which tiie different organs assume, 
and the laws that regulate their 
changes. 

Mucro, a stiff point abruptly termi- 
nating an organ ; MucroiuUe, 
having a macro. 

Multicostatb, many-ribbed. 

Mut.tifid, applied to a simple leaf 
divided laterally to about the 
middle into numerous portions; 
when the divisions extend deeper 
it is Multipartite. 

Multilocular, having many loeula- 
mimts. 

Mycelium,, the cellular under-ground 
stem or spawn of Fungi. 

Kaiced, applied to seeds not con- 
tained in a true ova^; also to 
flowers without any floral enve- 
lopes. 

Nectary, any abnormal part of a 
flower. It ought to be restricted 
to organs secreting a honoy-like 
matter, as in Crown Imperial. 

Netted, applied to reticulated vena- 
tion. 

Node, the part of the stem from 
which a leaf-hud proceeds. 

NoTOBHizEiG,' radicle on the hack of 
the cotyle(lons,as in some Cruciferw. 

Nucleus, the body which gives ori- 
gin to new cells ; also applied to 
the central cellular portion of the 
ovule and seed. 

Nucumentaoeous, CrucifersB having 
a dry monospermal fruit. 

Nut, properly applied to the glans, 
but also applied to any hard nut, 
like fruit, os in Carex and Bumex. 

Ob, in composition, means reversed 
or contrariwise. 

Obcobdate, inversely heart-shaped, 
with the divisions of the heart at 
the opposite end from the stalk. 

Oblong, about | as long as broad ; 
elliptical, obtnso at each end. 

Odovate, reversely ovate, the broad 

. part of the egg being uppermost. 

Obsolete, imperfectly developed or 
abortive applied to the calyx 
when it is in the form of a rim. 

Obtuse, not pointed, with a rounded 
or blunt termination. 
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OcTANDBOTTB, having eight stamens. 

OcTO, eight, in composition Oct. 

OcTOOYNous, having eight styles. 

(Eoium and (Ecions, in composition, 
have reference to the position of 
the reproductive organs, as An- 
drcecmnif the staminal organs; 
DicBcUmSf stamen and pistil in 
different flowers. 

Operculum, lid, applied to the se- 
parable part of the theca of Mosses, 
also applied to the lid of certain 
seed-vessels ; Opercidatet opening 
by a lid. 

Opposite, applied to leaves placed 
on opposite sides of a stem, at the | 
same level. 

Orbicular, rounded leaf with petiole , 
attached to the centre of it. 

Oroakoobafhy, the description of ' 
the organs of plants. 

Orthoplocrs, Cruciferm having con- 
duplicate cotyledons. 

Orthos, straight, in composition 
Ortho, same as Latin Bectiis. 

Ortbotbopal and Orthotbopous, 
ovule with foramen opposite to 
the hllum ; embryo wiw radicle 
next thehiliuii. 

Osmose, the force with which fluids 
pass through membranes in ex- 

S eriments on exosmose and on- 
osmose. 

Oval, elliptical, blunt at each end. 
Ovary, the part of the pistil which 
contains the ovules. 

Ovate, shaped like an egg, applied 
to a leaf with the broader end of 
the egg next the petiole or axis ; 
Ovate -lanceolate, a lancelate leaf, 
which is somewhat ovate. 

Ovule, the young seed contained in 
the ovary. 

Palate, the projecting portion of the 
under lip of personate flowers. 
Palea or Pale, the part of the 
flower of Grasses within the ^ume ; 
also applied to the smalj sdoly 
laminsB which occur in the recep- 
tacle of some Gompositm. 

Palmate and Palmatxpid, applied 
to a leaf with radiating venation, 
divided into lobes to about the 
hiiddle. 

Palmatifartite, applied to a leaf 
with radiating venation, cut 
nearly to the base in a palmate 
manner. 

Panicle, inflorescence of Grasses, 
consisting of spikelets on long 


peduncles coming off in a racemose 
manner. 

Papiuonaceous, corolla composed 
of vexillum, two aim, and carina, 
as in a Pea. 

Pappus, the hairs at the summit of 
the ovary in Coinpositm. They con- 
sist of the alteiud calycine limb. 
Pappose, provided with pappus. 

Parasite, attached to another plant, 
and deriving noui'ishment from it. 

Parenchyma, cellular tissue. 

Parietal, applied to placentas on 
the wawof the ovary. 

Pari-pinnate, a compound pinnate 
leaf, ending in two leaflets. 

Partite or Parted, cut down to near 
the base, the divisions being called 
Partitions. 

Pbotinate, divided laterally into 
nan'ow segments, like the teeth of 
a comb. 

Pedate and Pedatipid, a palmate 
leaf of three lobes, the mtoral lobes 
bearing other equally large lobes 
on the edges next the middle lobe. 

Pedicel, the stalk supporting a 
’Single flower; such a flower is 
Pedicellate. 

Peduncle, the general flower-stalk 
o^oral axis. Sometimes it bears 
one flower, at other times it 
bears several sessile or pedicellate 
flowers. 

Peltate, shield-like, fixed to the 
stalk by a point within the mar- 
gin ; peltate hairs, at^lKdu,by 
their middle. ^ 

Pendulous, applied to ovules which 
are hung from the upper part of 
the ovary. 

Penioillate, pencilled, applied to a 
tufted stigma resembling a earners 
hair pencil, as in the Nettle. 

Penta, Pente, five, same as Quijupie 
in Latin. 

Pentaovnous, having five styles. 

Pentamerous, composed of five 
parts ; a pentamerous flower has 
its different whorls in five, or 
multiples of that number. 

Pentandboub, having five stamens. 

Pepo and Pbponida, the fruit of the 
Melon, Cucumber, and other jCu- 
curbltacm. 

Feb, when placed before an a^ec- 
tive, sometimes gives it the value 
of a superlative, as perpusiUus, 
very weak ; at other umes it 
means through, as perfoliaU; 
through the leaf. 
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Pehennial, living, or rather flower- Phtlluh, leaf, in composition Phylio 
ing, for several years. and PhjflUma ; .in Latin Foiium. 

Perfoliate, a leaf with the lobes at Phtbioloot, Vegetable, the study of 
the base, united on the side of the the functions- of plants, 

stem opposite the blade, so that Phttozoa, moving filaments in the 
the stalk appears to pass through antheridia of Cryptogams, 
the leaf. Pileorhiza, a covering of the root, 

Peri, around ; in Latin Circa. as in Lemna. 

Perianth, a general name for the Pilbus, the cap- like portion of the 
floral envelope ; applied in cases Mushroom, bearing the hymeniuui 
where there is only a calyx, or on its under side, 
where the calyx and oorollai are Pinna, the leaflet of a pinnate leaf, 
alike. ' ' Pinnate, a compound leaf having 

Pericarp, the covering of the fruit. leaflets arranged on each side of a 
Pericone, same as Perianth. Some central rib. 

I'estrict the term to cases in which Pinnatifid, a simple leaf cut into 
the flower is pistilliferous. It has lateral seginents to about the 
also been applied to the involucre middle.'* 

of Jungenimnnieoc. Pinnatipartite, a simplo leaf cut 

Perioynous, applied to corolla and into lateral segments, the divi- 

stamens when attached to the sions extending neai'ly to the cen- 

calyx. tral rib. 

Peristome,, the opening of the spo- Pinnule, the small pinna of a bipin- 
rangium of Mosses after the re- nate or tripinnate leaf, 
moval of the calyptra and oper- Pistil, the central or ovule-bearing 
culum. oigan of the flower, composed of 

Persistent, not falling off, remain- one or more carpels ; each carpel 
ing attached to the axis until the being composed of ovary, stj^e, 
part which bears it is matured. and stigma. 

Personate, a gamopetalousiiTjunlar Pistillate and Pistilliferous, ap- 
corolla having the lower lip pushed plied to a flower or a plant having 

upwards, so as to close the hiatus a pistil and no stamen, 
between tlie two lips. Pibtillidium, the pistilline organ in 

Petaloid. like a petal. Cryptogams. 

Petals, the leaves forming the corol- Pith, the colunm of cellular tissue 
line whorl. in the centre of dicotyledonous 

P|fgiOBA^, having a stalk or petiole. stems or branches. 

Petiole, a leaf-stalk; Peftof-ute, the Pitted, covered with small depressed 
stalk of a leaflet in a compound leaf. spotsJ 

Ph^ogamous, same as Phanero- Placenta, the cellular part of the 
gamons. carpel bearing the ovule. 

Phanerogamous, having conspicu- Placentation, the formation and 
ous flowers. arrangeiment of tlie placenta. 

Phaneros and Ph^gnos, conspicuous, FLEURENcnYMA, woody tissue. 

in composition PAanero and Pkmno. Pleurorhize>s, CruclferouB plants 
PHLCEUM,"a name applied in compo- having the radicle of the embryo 
sltion to the liark. applied to the edges of the cotylo- 

Phorus, Phokuu, and Phore, in dons, which are called ulceumbent. 
words derived froifi the Greek, are Plicate, plaited or folded like a fan. 
used as terminations, meaning, Plumule, the first-bud of the em- 
that which bears ; equivalent to bryo, usually enclose^ by the 
the Latin Ferns and Fer. cotyledons. 

Phragma, transverse division orfalso Pod, see Legume and Slliqua. 

dissepiment in fruits. Podooynium, a stalk supporting an 

Puyllaries, the leaflets fonning the ovary. 

Involucre of Composite flowers. . Pollard-trees,- cut do^ so as to 
Phtllodtum, leaf-stalk enlarged so leave only the loWer part of the 
as to have the appearance of a leaf. tnink, mch gives off numerous 

Phtlloid, like a leaf. buds and branches. 

fHTLLOTAXis, the arrangement of the Pollen, the powdery matter con- 
leaves on the axis. tained in the anther. 
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Pollen-tube, the tube emitted by 
the pollen-grain after it- is applied 
to the Btigmn. 

PoLLiNiA, masses of pollen found in 
Orchids and Asclepiads. 

Polyadelphous, stamens united by 

• their filaments so as to form more 
than two bundles. 

PoLTANDROUB, stsmens above 
twenty. 

POLYOAMODS, plants bearing perfect 
as well as staminate and pistillate 
fiowers. 

PoLYOYNOus, having many pistils or 
styles. 

PoLYPETALous, a corolU composed 
of separate petals. 

PoLYPHYLLous, a calyx or Involucre 
composed of separate leaflets. 

Polys, many ; in composition Poly; 
in Latin Mulltts. 

PoLYSEPALOus, A cslyx composcd of 

•separate sepals. 

PoLYSPEUMAL, containing many seeds . 

Pome, a fruit like the Apple and Pear. 

Pokes of the leaf, same as Stomata. 

Porous vessels, same as Pitted or 
Dotted vessels. 

Posterior, applied to the part of the 
flower placed next the axis ; same 
as Superior. 

PRiBFLORATioN, ssmo as .^ivotion. 

Pbaefoliation, same as Vernation. 

Prickles, hardened epidermal ap- 
pendages of a nature similar to 
hairs. 

Primine, the outer coat of the ovule. 

Prosenchyma, fusiform tissue form- 
ing wood. 

Prothallium or Prothallus, names 
given to the- first part produced by 
the spore of some acrogens (as 
Ferns) in germination. 

Pseudo, false ; in Latin, Spurius. 

PSEUDO-BULB, the peculiar • aerial 
stem of many epiphytic Orchids. 

PuBESCENOE, short and soft hairs 
covering a surface, which is hence 
called Pubescent. 

PuLviNUS, cellular swelling at the 
point where the leaf-stalk joins the 
axis. 

Punctated, applied to the peculiar 
dotted woody fibres of Coulfersa 

Putamkn, the hard endocaip of some 
fruits. 

Pyxis and Pyxidiuk, a capsule open- 
ing by a lid. 

Quadri, in composition means four 
times. ‘ 


Quadrifid, four-cleft, cut down into 
four parts to about the middle. 

Quadrilogulab, having four locula- 
ments. 

Quadripartite, divided deeply into 
four parts. 

Quartine, the fourth coat of the 
ovule, which often is changed into 
albumen. 

Quatbrnate, leaves coming off in 
fours from one point. 

Quinary, composed of five parts, or 
of a multiple of five. 

Quinatb, five leaves eoming off ftom 
one point. 

Quinque, in compound words means 
five. 

Quinquefid, five-cleft, cut into five 
parts as far as the middle. 

QuiNQinsLOGULAR, having five locu- 
laments. 

Quinquepartite, divided deeply into 
five parts. 

Race, a permanent variety. 

Raceme, cluster, inflorescence in ‘ 
which there is an elonmted primary, 
axis bearing stalked flowers. 

Racemose, flowering in racemes! 

BaI^ib, the axis of infloi'cscence ; 
also applied to the stalk of the 
frond in Ferns, and to the common 
stalk bearing the alternate spike- 
lets in some Grasses. 

Radiant, applied to flowers v^hich 
foim a ray-like appearaqce ju seen " 
in Umbelliferte and in Viranfhm, 
etc. 

Radicle, the young root of the em- * 
bryo. 

Radius, the ray or outer part of the 
heads of Composite flowers. 

Raphe, the line which connects the 
hilum and the chalaza in anatropal 
ovules. 

Raphiobs, crystals found in cells, 
which are hence called Jtaphidiem. 

Ray, applied to the expanded outer 
flowers of a capitulum or umbel. 

Beoeptagle, the flattened end of the 
peduncle or rachis, bearing numer- 
ous flowers in a head ; applied also 
generally to the extremity of the " 
peduncle or pedicel. 

Regular, applied to an organ, the 
parts of i^ch are of similar form 
and size. 

Renifobm, In shape like a kidney. 

Replum, a longitudinal division in a 
pod, formed by the placenta, as in 
ChruclfenB. 
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Reticulated, netted, applied to 
leaves having a network of anas- 
tomosing veins. 

Rbtubr, when the extremity is broad, 
blunt, and slightly depressed. 

Revolutr, leaf with its edges rolled 
baukwaras in vernation. 

Rhiza. in words derived from the 
Greek, means root. 

Rhizome, a stem creeping horizon- 
tally, more or less covered by the 
soil, giving off buds above, and 
roots below. 

Rhomboid, quadrangular form, not 
square, with equal aides. 

Rinoent, a Labiate flower, in which 
the upper lip is much arched. 

Root-stock, same as Rhiz<me. 

Rosaceous, applied to corollas hav- 
ing separate sessile petals like the 
^lose. 

Rostellum, the modified stigma of 
the upper pistil of Orchids. It in- 
cludes, or is formed, of viscid 
matter. The pollen-masses, in 
many Orchids, are firmly attached 
to a portion >ot its exterior mem- 
brane, which is removed along with 
the pollen-masses by insects.# 

Robthate, beaked, having a long 
shai^i point. 

Rotate, a gamopotalous corolla 
with a short tube, the limb 
spreading out more or less at right 
angles. 

RbTATiow or Gyration, a peculiar 
circulation of the cell sap, seen in 
Hydrocharidaccffi, Ohara, etc. 

Runcinate, a pinnatifld leaf with a 
triangular termination, and sharp 
divisions pointing downwards, as 
in Dandelion. 

Runner, a prostrate shoot rooting at 
its end ; a stole. 

Sagittate, like an arrow, a leaf 
having two prolonged sharp-pointed 
lobes projecting downwards beyond 
the insertion of the petiole. 

Samara, a winged dry fruit, as in 
the Elm. 

Sarmentum, sometimes meaning the 
same as FlageUmiy or runner, at 
other times applied to a twining 
stem which supports Itself by 
means of others.. 

Scabrous, rough, covered with very 
stiff short hairs; Seabriiueulus, 

• somewhat rough. 

^calauiform, vessels having bars 

. * like a ladder, seen in Ferns. 


ScANDENT, climbing by means of sup- 
ports, as on a wall or rock. 

Scare, a naked flower-stalk, bearing 
one or more flowers arieing/rom a 
short axis, and usually with radical 
leaves at its base. 

ScARious, having the consistence of 
a dry scale, membranous, and 
shrivelled. 

Scion, the young twig used as a 
graft. 

ScoRpioiDAL, like the tail of a scor- 
pion, a peculiar twisted cyniosc 
inflorescence, as in Boraginacese. 

Second, .turned to one side. 

Secundine, the second coat of the 
ovule within the primine. 

Segregate, separated from each 
other. 

Semi, half, same as the Greek Hmi. 

Seminal, applied to the cotyledons, 
or seed-leaves. 

Sepal, one of the leaflets forming the 
calyx. 

Sepi'ate, divided by septa or par- 
titions. 

Septem, seven, in Greek Hepta. 

Septenate, a compound leaf with 
seven leaflets coming off from one 
point. 

Septicidal, dehiscence of a seed- 
vessel through the septa or edges 
of the carpels. 

Sbptivragal, dehiscence of a seed- 
vessel through the back of. the 
loculaments, the valves also separ- 
ating from the septa. 

Septulate, having spurious trans- 
verse dissepiments. 

Septum, a division in an ovaiy formed 
by the sides of the carpels. 

Serrate or Serrated, having sharp 
processes arranged like the teeth 
of a saw. liigerraUf when these are 
alternately lar^ and small, or 
when the teeth ore themselves 
serrated. 

Serratvres, pointed marginal divi- 
sions arranged like the teeth of a saw. 

Sessile, without a stalk, as a leaf 
without a petiole. 

Seta, a bristle or sharp hair ; also 
applied to the gland-tipped hairs of 
Resaedee and Hieracia; and to 
the stalk bearing the theca in 
Mosses. 

Sex, In Latin, six, same as Greek 
Hexa. 

SiLicuLA or Silicle, a diort pod with 
a double placenta and a replum, as 
in some Crucifers. 
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SiucuLOBJS, bearing a sillcle. 

SiLiQUA, a long pod similar in strac- 
ture to the sllicula. 

SiLiQuoSiB, bearing a slliqua. 

Simple, not branching, not divided 
into separate parts ; SimviU fruiU 
are those formed by one flower. 

SimTATED, the maiirin having numer- 
ous lai^ obtuse indentations. 

Sinuous, with a wavy or flexuous 
margin. 

SOBOLES, a creeping under-ground 
stem. 

, SoRus, a cluster of sporangia In Ferns. 

Spadix, a succulent spike bearing 
staminate and pistillate flowers, as 
'U Arum. 

Spathacboub, having the aspect and 
membranous consistence of a 
spathe. 

Spathe, largo membranous bract 
covering numerous flowers. 

Spathulate, shaped like a spathula, 
applied to a leaf having a linear 
form, enlarging suddenly into a 
rounded extremity, as in daisy. 

‘Spawn, same as Mycelium, 

Specific Character, the essential 
character of a species. 

Spermoderh, the general covering of 
the seed. Sometimes applied to 
the episperm or outer covering. 

Spike, inflorescence consisting of 
numerous flowers sessile on an axis. 

Spikelet, small cluster of sessile 
flowers in Grasses. . 

Spine or Thorn, ah abortive branch 
with a hard sharp point. 

Spiral Vessels, liavinga spiral flbre 
coiled up inside a tube. 

SpiROLOBEiE, Cruciferm having the 
cotyledons folded transversely, the 
radicle being dorsal. 

Sponoiole or Sponoelet, the cellular 
extremity of a young root. 

Sporangium, acase containing spores. 

Spore, a cellular germinating body 
in Cryptogamic plants. 

Spur, same as Vatmr. 

2S<iUAMA, a scale; also applied to 
bracts on the receptacle of Cora- 
positse, to bracts in the infloras- 
cence of Amentiferse, and to. the 
lodiculs of Grasses. 

Squamose, covered with scales. 

Stamen, one of the essential repro- 
ductive organs of the flower, fonned 
by a stalk or. filament aiyl the 
anther containing pollen. 

Staminate and Staminiferous, ap- 
plied to a flower having stamens 


only and no pistil, or to a plant 
bearing staminate flowers only. 

Staminodium, an aboitive stamen. 

Standard, same as Vexillum. 

Stellate, arranged like a star. 

Sterile, staminate flowers not bear- 
ing fniit. 

Stjchous, at the termination of 
words means a row, as distichoutft 
in two rows. 

Stigma, the upper cellular secreting 
portion of the pistil, uncovered 
with epidermis ; Stigmatic, belong- 
ing to the stigma. 

Stimulus, a sting, applied to sting- 
ing hairs with an irritating secre- 
tion at the base. 

Stipe, the stem of Palms and of 
Tree-ferns; also applied to the 
stalk of Fern fronds, and to the 
stalk bearing the pileus in Agarics. 

Stipulate, furnished with stipules. 

Stipule, leaflet at the base of other 
loaves, having a lateral position, 
and more or less changed either in 
fonn or texture. 

Stolon, Stole, a sucker, at - first 
aerial, and then turning down- 
wai^s and rooting. 

Stoloniferous, having creeping 
runners which root at the Joints. 

Stomates and Stomata, openings in 
the epidermis of plants, especially 
in the le.aves. 

Strap-sha‘ped, same as ^folate; 
linear, or about six times as loi% 
as broad. 

Striated, marked by streaks or 

striGB. 

Stripes, another name fbr the Vittee 
of Umbelliferee. 

Strobilub, a cone, applied to the 
fruit of Firs as well as to that of 
the Hop. 

Style, the stalk interposed between 
the ovary and the stigma. 

Stylopod, an epigynous disk seen at 
the base of the styles of Umbelliferee. 

SuBERous, having a corky texture. 

Subterranean, under ground. 

Subulate, shaped like acobbler’sawl. 

Superior, applied to the ovary 
when free, i.e. placed above the 
calyx; to the calyx when it is 
placed above the ovary ; to the port 
of a flower placed next the axis. 

Suspended, applied to an ovule 
which hangs from a point a little 
below the apex of the ovary * 

Suture, the part where separate 
organs unite, or where the edges of ' 
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a folded organ adhere ; thUi ventral 
suture of the ovary is that next the 
centre of the flower ; the dorsal sur 
tore corresponds to the midrib. 

Symmetry, applied to the flower, 
has reference to the parts being of 
tiie same number, or multiples of 
each other. 

Syk, in composition means united. 

Synamtheboub, anthers united. 

Synaethob, flowerB united together. 

Synoarpous, ..carpels, united so as to 
form one ovary or pistil. 

Synoenesioub same as SvnarUherous. 

Tap-root, root descending deeply in 
a tapering undivided manner. 

Terete, nearly cyliudricol, somer 
what tapering into a very elongated ; 
cone, the transverse section nearly 
circular. 

Terkary, parts arranged in threes. 

Tebeate, compound leaves, com- 
posed of three leaflets. 

Testa, the outer covering of the 
seed ; some apply it to the cover- 
ings taken collectively. 

Tetra, in Greek words four; in 
Latin Qmter or Quadri. 

Tetradynamous, four long stamens 
and two short, as in Crueifenn. 

Tetraoynous, having four csi^tels or 
four styles. 

Tetrameroub, composed ,of four 
par^a; a flower is tetramerous 
when •Its envelopes are in fours, 
or multiples of that number. 

Tetraedroub, having four stamens.' 

Tetraspore, a genninating body in 
Algee composed of four spore-like 
cells ; but also applied to those of 
three cells. 

Thalamifloral, parts of the floral 
envelope inserted separately into 
the receptacle or thalamus. 

THAijiMus, the receptacle of the 
flower, or.the part of the peduncle 
into which the floral organs are 
inserted. 

Thallooeeb or Thallopbytes, plants 
producing a thallus. 

Thallub, cellular expansion in 
Lichens and other Cryptogams, 
bearing the fructification. 

Theca, Sporangium or spore-case 
containing spores. 

Thecaphorb, a stalk supporting the 
ovary. 

" Throat, the orifice of a gamopetal- 

• ous flower. 

tioELLUs, the young embryonic axis. | 


Tillbriko, giving out buds from the 
lower part of the stalks of wheat 
and other cereal grains. 

Torus, another name for thalamus ; 
sometimes applied to a much deve- 
loped thalamus, as in Nelumbium. 

Trachea, a name for spiral vessels. 

Traespiratioe, the exhalation of 
fluids by leaves, etc. 

Treis, three ; Tris, thrice, in com- 
position 2'ri. 

Triadelphoub, stamens united in 
three bundles by their filaments. 

Triaedrous, having three stamens. 

Triangular, having three angles, 
the faces being flat. 

Tbichotomoub, divided successively 
into three branches. 

Tricobtate, three-ribbed, ribs from 
the base. 

Trifid, three-cleft, a leaf divided into 
three segments which reach to the 
middle. 

Trifoliate or Trivouolate, samo 
as Ternate, When the three leaves 
come off at one point the leaf 
is ternately-trifoliate i when there 
is a termin^-stnlked leaflet and 
two lateral ones, it is pinimtely- 
trifoliate. 

Trigoeour, having three angles, the 
faces being convex. 

Tbigyeous, having three carpels or 
three styles. 

Teiix>cular, having three locula- 
ments. 

Trimerous, composed of three parts; 
a trimsrom JloioerhoB its envelopes 
in three or multiples of three. 

Tripartite, deeply divided into 
three. 

Tbipjnnate, a compound leaf three 
times divided in a pinnate manner. 

Tripinnatifid, a pinnatifid leaf with 
the segments twice divided in a 
pinnatifid manner. 

Triquetroub, having three angles, 
the faces being concave. 

Trtbtichoub, in three rows. 

Tritereate, three times divided in 
a ternate manner. 

Truncate, terminating abruptly, as 
if cut off at the end. 

Tuber, a thickened underground 
stem or branch acf the potato. ' 

Tubercule, the swollen root of some 
terrestrial Orchids. 

Tubular, applied to the regular 
florets of tne Coraposites. 

Umbsi^ inflorescence in which nu- 
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merouB stalked flowers arise fhim 
one point. 

Umbellule, a small umbel, seen in 
the compound umbellate flowers 
of many Umbelliferee. 

T1 MGiNATB, provided with an uwm or 

! hooked process. 

Undecim, eleven, in Greek Endeea. 

Unouis, claw, the narrowed part of a 
peM ; such a petal is called Un- 
guieulcae. 

Uni, in composition one, same as 
Greek Mono. 

Unilocular, having a single loculus 
or cavity. 

Valvate, opening by valves, like the 
parts of certain need-vessels, 
which separate at the edges of the 

^carpels. 

Valvate Aestivation and Verna- 
tion, when leaves in the flower- 
bud and leaf-bud are applied to 
eaeh other by their margins only. 

Valves, the portions which separate 
in some dehiscent capsules. A 
name also given to the parts of 
the flower of grasses. 

Vascular tissue, composed of 

a flral vessels and their modlflca- 
ons. 

Veins, bundles of vessels in leaves. 
Velum, veil, the cellular covering of 
the gills of an Agaric, in its early 
state. 

Venation, the arrangement of the 
veins. 


VENTRAtSi applied to the part of the 
. carpel which is next the axis. 

Vernation, the arrangement of the 
leaves in the bud. 

Versatile, applied to an anther 
which is attached by one point of 
its back to the filament, and hence 
isjvery easily turned about. 

Verticil, a whorl, parts arranged 
opposite to each other at the same 
level, or, in other words, in a circle 
round an axis. The parts are said 
to be VerticiUate. 

Verticillaster, a false whorl, form- 
ed of two nearly sessile cymes 

f daced in the axils of opposite 
eaves, as in Dead-nettle. 

Vesicle, another name for a cell or 
utricle. 

Vessels, tubes with closed extremi- 
ties. 

VExillum, standard, the upper or 
posterior petal of a papilionaceous 
flower. 

VioiNTi, twenty, same as Greek Jcosi. 
Ythtm, cells or clavate tubes con- 
taining oil in the pericarp of Um- 
belJiferee. 

Viviparous, plants producing leaf- 
buds in place of fruit. 

WiNos, the two lateral petals of a 
papilionaceous flower, or the broad 
flat edge of any oigan. 

Zoospore, a moving spore ]^^videL 
with cilia. 




INDEX. 


Abies, 277. 

Abies Donglasii, 34. 

Acacia leaves, 68. 

Accumbent, 60. 

Achene, 146. 

Achlamydeous, 104, 105, 273. 
Acorn. 00, 142. 

Acotyiedoncs, 211, 290. 
AcotyledOnous germination, 164.. 
Acotyledons, 298. 

Acrogense, 212, 290. 

Acrogenous stem, 38. 

Acrogens, 89. 

^Estivation, 109. 

Afitnities of plants, 202; 

Agaricus campestris, 178. 

Age of palms, 88. 

Age of trees, 32. 

Air-plwts, 20. 

A4se, of wings, 114. 

Albuminous, 163. 

Alburnum, 32. 

Alchemilla, 136. 

Alcberailla vulgaris, 248. 

Alge, 177, 293. 

Altoet, 267. 

Almonds, 247. 

Alsinem, 229. 

Alsophila, 40. 

Alternate leaves, 55. 

Altheea, 236. 

Amaiyllidacem, 282. 

Amaryllis family, 282. 
Amentiferse, 276. 

Amygdaleie, 246. 

An^gallis, 87. 

Anatropous ovule, 139. 

Anchusa italica, 267. 

Andromeda, 265. 

Anemone, 220. 

Angiospermee, 208, 273. 
Angiospermous, 152. 

•Anise, 251. 

Annular vessels, 6. 

. Annulus, 174, 291. 


Anther. 121. 

Antheridium, 171. 

Anthers, mode of opening of, 122. 
Anthriscus, 251. 

Antirrhinum majus, 271. 
Apocarpous, 134. 

Apple, 148, 246. 

Apple and pear, 142. 

Apricots, 247. 

Apricot-tree, 138. 

Araucaria, 31, 82. 

Arbutus Uva-ursi, 265. 
Archegoniura, 171. 

Arctostaphylos Uva-ursi, 265. 
Aristolochia, 130, 131. 

Artichoke, 156, 259. 

Aitiflcial system, 193, 194. 

Arum, 210. 

Arum maculatum, 284. 

Asclepias seed, 155. 

Asparagus, 24. 

Assafoetida, 161. 

Aster rubricaulis, 257. 

Athyrium Filix-foemina, 169. 
Atropem, 268. 

Australian heath, 266. 

Austrian pine, 277. 

Autumn nowers, 107. 

Avena sativa, 286. 

Axis, ascending, 1. 

descending, 1, 13. 

Azalea, 265. 

Balsam, 154. 

Bamboo, 288. 

Banana, 7, 24. 

Banyan-tree, 17. 

Baobab, 84. 

Barbeny-leaf, 51. 

Barberry, stamen of, 126. 

Barley, 289. 

Base of ovule, 139. 

Bast, 47. 

Bauhinia, 82, 88. 

Bean family, 241. 
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Bear-berry, 265. 

Beech, 276. 

Belladonna, 269. 

Bell-heath, 265. 

Beilis perennis, 262. 

Bell-shaped corolla, 112, 115. 
Bergrmehl, 180. 

Beny, 148. 

Bilabiate calyx, 110. 

Bipinnate, 68. 

Birch, 276. 

Birdsfoot trefoil, 244. 

Birthwort flower, 130. 

Bitemate, CO. 

Bizarres, 230. 

Blade of leaf, 62. 

Blaeberry, 266. 

Blood-rain, 180. 

Blne-beU, 256. 

Blue flowers, 115. 

Boehmeria, 47. 

Bonnemaisonia asparagoides, 177. 
Borage family, 260. 

Boraginaccic, 266. 

Bracto, 85. 

Brambles, 247. 

Branches, 43. 

Brossica oleracea, 186. 
Brazil-nuts, 148. 

Breadfruit, 143. 

Bromc-gniss, 288. 

Broom, 243, 244. 

Buckwheat, 274. 

Btids, 42. 

Bulblfcrous lily, 60. 

Bulbous crowfoot, 218. 

Bulbs, 24, 25. 

Bulrush of Scripture, 6. 

Burdock, 259. 

Bush-rope, 32. 

Butchers-broom, 90. 

Buttercup, 217. 

Cabbage, 223. 

Cactus-cells, 6. 

Ceesalpinieffi, 243. 

Calabar bean, 244. 

Calceolaria, 272. 

Callithamnion cruciatum, 177. 
Oallnna vulgaris, 265. 

Caltha, 219. 

Calycinoree, 206, 241. 

Calyx, 109, 110. 

Cambium, 80. 

Campanula Rapnnculns, 254, 256. 

rotundifolia, 256. 
Campanulacess, 254. 

Campanulate, 112. 

Campion, 230, 232. 

Capsella Bursa-pastorls, 225. 
Capsicum, 268. 


Capsule, 146, 147. 

Caraway, 251. 

Carbonic acid from leaves, 80. 
Garduus lanceolatus, 261. 

Carex, 285. 

Carina or keel, 112. 

Carnation family, 228. 

Carpellary leaves, 134. 

Carpels, 182, 137. 

Carpophore, 251. 

Camon flowers, 118. 

Carrot, 251. 

Caryophyllacem, 228. 

Caryopsis, 288. 

Cassia, 248. 

Catechu, 244. 

Catkin, 89, 96. 

Catkin-bearing family, 276. 
Cauliflower, 223. 

Cedar, 33, 277. 

Cedrus, 277. ' 

Celandine flo^r, 121. 

Cellular plants, 4. 

Cellular tissue, 6. 

Cellulares, 293. 

Colls, 4. 

Centrifugal expansion, 88. 
Centripetal exiianslon, 88. 

Cerastium grandiflorum, 231. 
hirsutum, 232. 
tetrandram, 231. 
triviale, 230. 

Cereal grains, 187, 288. ' 

Cereus grandiflonis, 119. 

Chalaza, 139. 

Chamomile, 260. 

Chara, 9, 10. 

Characters in natural system, 203. 
Characters of classes, sub-classes, 
and orders, 214. 

Gheiranthus Cheiri, 224. 

Cherry, 94, 246. 

Chervil, 251. 

Chestnut, 276. 

Chickw'eed, 97, 232. 

Chickweed family, 228. 

Chicory, 108, 267, 259. 

Cicely, 251. 

Cichoracese, 258, 259. 

Cichorium Intybus, 257, 259. 
Cinquefoil, 248. 

Circinate, 291. 

Classes, 189. 

Classes of Linnman system, 195. 
Classifleation, general remarks on, 
183, 294. 

Classifleation, systems of, 193. 
Clematis, 220. 

Clove-pink, 92, 230. 

Glover, 244. 

Cochlearia officinalis, 224. 
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Coco-nut, 106, 167. 
ColchicaOesB, 283. 

Collomia seeds, 6. 

Colours of flowers, 116. 

complementary, 116. 
arrangement of, 117. 
contrast of, 118. 
Coltsfoot, 260. 

Columbine, 113, 220. 

Comftey fruit, 146. 

Composite, 266. 

Coroposito flowers, 108. 
Composite plants, fruit of, 166. 
Compound leaves, 63. 

pistil, 1.S4. 
umbel, 95. 
Conduplicate, 60. 

Cone, 143. 

Cone-bearing family, 276. 

trees, 31. 

Confer\"a, 178, 179. 

Coniferse, 276. 

Convolvulus, 26. 

Cordate, 67. 

Coriander, 251. 

Cork-oak, 47. 

Corky bark, 30. 

Corm, 24. 

Corolla, 112. 

CorollifloTGD, 207, 263. 

Corylus Avellona, 127. 

Corymb, 96. 

Coiymbifeiw, 268, 259. 
Cotyledons, 157, 222. / 

• Crab-auple, 149. 

Gmnbei^, 266. 

Cranesbill family, 236. 

• Cremocarp, 250. 

Crenate, 65. 

Cress, 223. 

Cress family, 220. 

Crocus, 26. 

Crocus, autumn-flowering, 283. 
Crocus sativus, 282. 
Cross-leaved heath, 265. 
Crowfoot family, 216. 
Crown-imperial, 130. 

Crown of narcissus, 116. 
Cruciate corolla, 114. 
Cruciferse, 220. 

Cryptogamous, 85. 
Cryptogamous plants, 290, 296. 
Cuba-bast, 47. 

Cuckoo-pint, 284. 

Cultivated vegetables, 186. 
Cummin, 261. 

Currant, 142. 

Cyme, 97. 

iCynarocephalffi, 268, 269. 
Cynoglossum officinale, 267. 

. Cyperacem, 285. 


Daisy, 262. 

family, 266. 
flower of, 116. 

Dandelion, 90, 91, 259, 261. 
fruit, 146, 156. 
ovule of, 139. 

Date-palm, 38. 

Dead-nettle, 102. 

' family, 209. 

flower, 115. 
fruit, 146. 

Deciduous leaves, 82. 

Decussate, 55, 60. 

Definite or determinate inflorescence, 
89, 98. 

Defoliation, 81. 

Dentate, toothed, 65. 

Desmndium, 75. 

Diadelphoiis stamens, 124. 

Dianthus, 92, 283. 

Caryophyllus, 229. 
monspcssulanus, 232. 
Diatoms, 179. 

Dichlamydeous, 105. 

Dichotomous, 97. 

Dicotyledones, 205, 214. 
Dicotyledonous germination, 163. 
Didynamous stamens, 124. 

Digitalis purpurea, 69, 272. 
Duecious, 128, 138. 

Diomea, 73. 

Discliidia, 72. 

Dissepiments, 184. 

Docks, 274. 

Dodder, 21. 

Dog-rose, 248. 

Dog-tooth violet, 283. 

Dog-violet, 228. 

Dotted vessels, 6, 7. 

Double flowers, 101. 
Double-flowering cherry, 132. 
Douglas-pine, 34. 

Down of thistle, 158. 

Downy-leaved rose, 248. 

Dracaena, 283. 

Dragon-tree, S3, 283. 

Draining, use of, 160. 

Drupe, 146. 

Dry-rot, 176. 

Duramen, 82. 

Elymths arenarius, 288. 

Embryo, 153, 156. 

plant, 138. 
sac, 140. 

Bncalypta vulgaris, 172. 

Endogenm, 209, 278. 

Endogenous stem, 86. 

Endogens, 87. 

Epacris, 266. 

Epicalyx, 234. 



316 


INDEX. 


Epidermis, 49. 

Epigynous calyx, 112. 
disk, 250j 
stamens, 123. 
Epiphytes, 20. 

Equitant, 60. 

Equisetum, 170. 

Erica cinerea, 264, 265, 2CG. 
ciliaris, 265. 
Mackaiana, 265. 
mediterranea, 265. 
Tetraliz, 265. 

^vagnns, 265. 

Ericacesp, 26.3. 

Erodium, 289. 

Erysimum lanceolatum, 221. 
Essential character, 189. 
Euphorbia flowers, 104. 
Evergreens, 82. 

Everlasting pea, 244. 
Exalbuminoua, 153. 
Exhalation by lcave.s, 76. 
Exogeiiee, 205, 214. 
Exogenous stem, 27. 
Exogens, 29. 


Faoopvrum esculentum, 274. 
Fairy-rings, 14. 

Fall of leaf, 81. 

Families, 188. 

Fascicle, 92. 

Faux or throat, 110. 

Fennel, 251. 

Fern family, 290. 

Ferns, loS. 

Feililisation, 138. 
Fescue-grass, 288. 

Fibrous roots, 14. 

Ficus religiose, 50. 

Fig, 91, 92, 143. 

Fig-marigold seed-vessel, 165. 
Fig-wort family, 271. 
Filament, 121, 125. 

Filaments, elastic, 126. 
Filbert-husk, 90. 

Filices, 290. 

Fine-leaved heath, 266. 
Fir-seed, 155. 

Flakes, 230. 

Flax, 47. 

Floral clock, 107. 

Floral whorls, 100. 

Florentine iris, 282. 

Flower, 100. 

Flower-bud. 109. 
Flower-stalk, 91. 

Flowering, time of, 107. 
Flowering plants, 195, 214. 
Flowerless plants, 168, 290. 
FoUicle, 145. 

Fools-parsley, 251. 


Foramen of ovule, 139. 

Forests, effects of, on climate, 77. 
Forget-me-not, 97, 267. 

Fossil-pine, 31. 

Foxglove, 272. 

Foxglove, stamens of, 124. 

Fragaria vesca, 248. 

Free central placenta, 135. 

Fringes of corolla, 115. 

Fritillary, 283. 

Frogsmouth, 271. 

Fruit, 142. 

Frustules, 179. 

Fucus vosiculosus, 177. 

Fumitory, 90, 91, 107. 
Fuuariahygrometrica, 172. 
Functions of stamens and pistil, 138. 
l-'ungi, 173. 293. 

in diseases, 176. 

, rapid growth of, 175. 

Oalbanom, 251. 

Gamopetalse, 254. 

Gamopetalous, 112, 113. 
Gamosepalous, 110. 

Gases given out by leaves, 78. 
Gentian, 113. 

Gentianella, 92, 93. * 

Genus defined, 187. 

Geraniacete, 236. 

Geranium fruit, 155. 

Geranium Robertianum, 238, 239. 
sanguineum, 239. 
Btiiatum, 237. 
sylvaticum, 239. 

Germinal vesicle, 140. ^ 

Germination, 159. 

Gills or lamelhe, 174. 

Ginger, 23. 

Girasole, 108. 

Gladiolus, 26. 

Glandular hairs, 64. 

Glossary, 297. 

Gloxinia, 106. 

Glumes, 287. 

Gluinifene, 211, 284. 

Gooseberry, 142. 

Grafting, 148. 

effects of, 150. 

Gramineee, 286. 

Grape, 142. 

Gross family, 286. 
tree, 47. 

Gum-arabic tree, 243, 244. 
Gymnospemse, 208, 276. 
Gymnospermous, 152. 

Gynandrous, 125, 279. , 


Hairs, 54. 

Hairy seeds, 154. 
violet, 228. 
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Harebell family, 254. 

Haricot, sprouting of, 164. 
Hart’s-tongue, 291. 

Hawkweed, 259. 

Hazel, 276. 

catkin of, 127. 
nut, 146. 

Head, 97. 

Heads of flowers, 89. 

Heart-wood, 32. 

Heath famiiy, 263. 

Heather, 265. 

Heights of exogcns, 33. 

Hellebore, 220 
Hemlock, 89, 251. 

family, 249. 

Hemp, 47. 

Henbane, 269. 

fruit, 146. 

Hep of the rose, 247. 

Hibiscus, 47. 

Hilum of ovule, 139. 

Hollyhock, 47. 

Holly-leaf, 51. 

' Honesty, 223. 

Honeysuckle, 27, 32. 

Hooded sepal, 110. 

Hop, 27. 

Horse-radish, 228. 

Horsetail, 170. 

Hound's-tougue, 267. 

Hyacinth, 283. 

Hybrids, 140. 

Hypogynous stamens, 123. 

Hyssop, 271. ' 

or indeterminate in-* 
florescence, 89, 98. 

Indigo, 244. 

Indusium, 291. 

Inflorescence. 86. 

Inoculating flowers, l4l. 

Insect forms of flowers, 131. 

Insects employed in scattering pol- 
len, 126. 

Involucre, 89. 

Involute, 60. 

Iridaceee, 281. 

Iris family, 281. 

Iris gcrmanica, 281. 

Iris stem, 23. 

Irregular corolla^ 113. 

Irregular flowers, 103. 

Ivy, 26. 

Jerusalem artichoke, 108. 
Juncaceee, 283. 

Kalmta, 263. 

• Kino, 244. 

^Knot-grass family, 274. 


Labiate, 102. 

Labiate, 209. 

Lace-bark, 47. 

Lady’s-niantle, 136, 246, 248. 
Lady's-tresses, 280. 

Lamium album, 270. 

Lanceolate, 67. 

Larch, 277. 

Larix, 277. 

Larkspur, 220. 

Lastrea Filix-mas, 169, 170. 

Ijathyrus odonitus, 242. 

I Latlciferous vessels, 10. 

I Lavatera, 236. 

Lavender, 271. 

Leaf, anatomy of, 48. 
Leaf-anangenient, 54. 

Leaf, parallel veins of, 51. 

Leaf, reticulated, 48, 51. 

Leaf-stalk, 69. 

Leaves, 48 ; anomalous, 72 ; confor- 
mation of, 61 ; functions of, 75 ; 
irritable, 73. 

Ledum, 265. 

Leek, bulb of, 25. • 

Leeks, 283. 

Legume, 145, 147, 243. 

Lcguminosffi, 241. 

Leontodou Taraxacum, 261. 

Lettuce, 259. 

Liber, 47. 

Lichens, 173, 293. 

Lid of mosses, 172. 

Ligulate flower, 111. 

Ligule, 288. 

Liliacca', 283. 

Lily family, 283. 

Lily, pistil of, 134. 

Lime-trae, 47. 

Ling, 265. 

Liiimean system, 194. 

Locust-tree, 244. 

Logwood, 243, 244. 

Loliuni perenne, 288. 

Luzula, 284. 

Lychnis dioica, 232. 

Lychnis Oithago, 230. 

Lyme-grass, 288. 

Maize, 289. 

Mallow, 47. 

family, 233. 
stamens of, 124 
Malting of barley, 161. 

Malva Alcea, 236. 

Malva sylvestris, 233, 235. 

Malvaceec, 233. 

Mammoth pine, S3. 

Mangrove, 19. 

Maple stem, 80. 

March violet, 228. 
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Maijoram 271. 

Marsh marigold, 219. 

Matthiola, 224. 

MeadoW'SafTron, 24, 25. 
Meadow-saffiron family, 283. 
Melanthacem, 283. 

Melon-leaf, 70. 

Micropyle of ovule, 139. 

Microscopic structure, 8. 

Mignonette petal, 113. 

Millet, 289. 

MlmosesB, 243. 

Mint, 271. 

Mistleto, 21. 

Monadelphous stamens, 124. 
Monkey-pot, 146. 

Monkshood, 220. 

Moiiochlamydeee, 208, 273. 
Monochlamydoous, 104, 105. 
Monocotyledones, 209, 278. 
Monocotyledonous germination, 162. 
Monoecious, 127, 138. 

Mosses, 171. 

Mould, 3, 6, 20, 176: 

Mountain-meal, 180. 

'Mulberry, 143. 

flower, Iftil. 

Mummy- wheat, 161. 

Muscaraine, 176. 

Musci, 293. 

Musliroom, 173. 

order, 203. 

Mustard, 224. 

Mycelium of fungi, 174. 

Myosotis, 97, 267. 

Myrrhis odorata, 251. 

Naked ovules, 135. 

seed, 152. 

Narcissus, 282. 

Natural system, 193, 202. 

Nectarine, 247. 

Nepenthes, 72. 

Nettle-family, 274. 
flower, 104. 

Nlcotiana Tabacum, 269. . 
Night-bloomers, 108. 

Night-smelling flowers, 119. 
Nomenclature, 190, 191. * 

Norfolk Island pine, 31. 

Norway spruce, 277. 

Nostoc, 181. 

Nourishing vessels of ovule, 137. 
Nucleus of ovule, 187. 

Numerical relations in flowers, 
lOL 

Nut; 142. 

Nutrition, organs of, 1, 82. 

OAi&276. 

Oat, 286, 289. 

Oats, gemiination of, 162. 


Oats; grains of, 157. 

Obcordate, 67. 

Oblong, 67. 

Obovate, 67. 

Obsolete calyx, 111. 

Odours of flowers, 118. 

(Enothera, ovule of, 140. 

Olive, 106. 

Onions, 288. 

Opening and closing of flowers, 107. 
Opening in ovule, 189. 

Opposite leaves, 54. 

Orange-leaf, 68. 

Orange, sprouting of, 164. 

Orchid flower, 130. 

pollen, 126. 

Orchidacem, 279. 

Orchids, roots of, 19. 

Orchis family, 279. 

Orders, 188. 

Orders of Linjaeean system, 197. 
Organography, vegetable, 295. 
Organs of plants, 1. 

Orris-root, 282. 

Orthotropous or straight ovule, ISO. 
Osinunda regalis, 170, 211. 

Ovary of orchid, 135. 

Ovate, 67. 

Ovule, 134, 137. 

Paony, follicles, 146. 

Palem, 287. 

Palm-family, 288. 

Paliu-liiaf, 50 
Palm-seed, 153. 

Palm-stem, 36. 
lAlmie, 283. 

Palmafcely-cleft, 66. 
Palmately-partito, 66. 

Palmella prodigiosa, 180. 

Pansy, 226, 227. 

leaf, 69. 

Paper-pulp, 3. 

Papilionaceous, 114, 242. 
Papilionacese, 243. 

Pappus, 112. 

Papyrus, 6. 

Parasites, 21. 

Parietal placentas, 135. 

Pannolia, 173. 

Parsley, 251. 

Parsnip, 251. 

Partitions in ovaries, 135. 
Passion-flower fringes, 115. 

Pea, 243. 

Pea and bean family, 241. 

Pea and bean fruit, 145. 

Peaches, 247 
Pears, 247. 

Pedicels, 96. 

Peduncle, 91. 

Felaigouium, 287. 
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Pellitory floAver, 104. 
Peuicillinm, 176. 

Perfect floAver, 105, 138. 
Perianth, 104. 

Ferigynous stamens, 123. 
Fermstent leaves, 82. 
Personate llower, 271. 
Petaloidcm, 209, 279. 
Petals, forms of, ll.S. 

of monkshood, 113. 
structure of, 113. 
Petiole, 62, 69. 
Fhanerogamia, 195. 
Phanerogamous, 85, 214. 
Phyllodium, 68. 

Picotees, 230. 

Pileus of fungi, 174. 
Pimpernel, 87, 115. 

fruit, 146. 
Fine-apple, 143. 


Pink, 230. 

Pinnate, 68. 

Finnatifld, 65. 

Pinnatcly-pai-tite, 66. 

Finns, 277. 

Finns pinea, 84. 

' Pistil, 132. 

Pistillate flower, 104, 105, 106, 138. 
Pistillidia, 290. 

PistiUiferous, 106, 138. 
Pitcher-plants, 72. 

Pith, 28. 

Pitted vessels, 7. 

Placenta, 134. 

Plants tristes, 119. 

Plicate, 66. 

• Rums, J47> 

Ptomul^l57. 

Pollen, 122. 

• grains and tubes, 140. 
of firs, 128. 
scattering of, 126. 
tubes, 138. 

Pollinia, or pollen-masses, 126. 
Polygonacem, 274. 

Polygonum, ovule of, 139. 
Polypetalee, 241. 

Folypetalous, 112, 113. 
Folysepalous, 110. 

Polystichum angulare, 201. 
Poor-man’s weather-glass, 87. 
Pomete, 246. 

Poplar, 34, 276. 

Poppy fruit, 146. 

Potato, 268. 

family, 267, 

Potentilla, 248; 

Potentilleee, 246. 

Prickles of rose, 44. 

Primrose pistil, 133 
Prothallus of fem, 170. 


Protocoecus nivalis, 180. 
Puff-balls, 176. 

Qtjekn of the meadoAV, 246. 
Quinate, 69. 

Quinces, 247. 

Raceme, 05. 

Races, 186. 

Radicle, 157. 

Radish, 223. 

Rafflesia, 21. 

Ragwort, 111, 125. 

Ranipion, 254. 

Ranunculaceee, 216. 
Ranunculus, 217. 

acris, 216, 218. 
bulbosus, 218. 
frait, 146. 
repens, 219. 

Raphanns Raphanistrum, 226. 
Raphe of ovule, 139. 
Kaphides, 11. 

Raspberries, 247. 

Receptacle, 00. 

Red currant, 94. 

snow, 180. 

Regular corolla, 113. 
flowers, 103. 

Reproduction, organs of, 85. 
Revoluto, 60. 

Rhizome, 24. 

Rhododendron, 265. 

Rhubarb, 274, 

Rhus Cotinus, 91. 

Rice, 289. 

Ringent corolla, 102. 

Rocket 223. 

Root, 13. 

Boots, lengthening of, 14. 
forms of, 15. 
functions of, 16. 

Rosa, 247. 

• rubiginosa, 247. 
Rosaceoe, 248. 

Rosaceous corolla, 112. 

Rosem, 246. 

Rose, 246. 

family, 245. 

Rosemary, 271. 

Rosewood, 244. 

Royal fem, 170. 

Rubus strigosus, 245. 
Runcinate leaf, 62. 

Rush family, 283. 

Rye, 289. 

Rye-grass, 288. 

Sac of ovule, 137. 

Saffton, 282. 

Saflh>n, conn of, 25. 
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Sage, 271. 

Sagittate, arrow*shaped, 65, 67. 
Salep, 19. 

Salsafy, 108. 

Sangai^rbeai, 246. 

Sap, circulation of, 45, 46. 

Sap, movements of, 10. 
Sap-wood, 32. 

Sapucaya nuts, 148. 
Sarotliamnus scoparius, 244. 
Sarracenia, 72. 

Scabious, 93. 

Scalariform vessels, 4. 

^Scales of buds, 43. 

Scaly hairs, 54. 

Scar of leaf, 81. 

Scilla autuinnalis, 282. 
8coloj)cn(lrium vulgarc, 291. 
Scori)ioidal, 97, 98. 
Scoii>ion-graas, 98. 

Scotch fir, 277. 

Screw pine, 19. 

Scropliiilaria nodosa, 272, 
Scrophulaiiaceas 271. 
Scurvy-grass, 224. 

Seaweeds, 177. 

Secund, 97. 

Sedge family, 285. 

Seed, 152. 

Seed-lobe or seed-leaf, 162. 
Seed, scattering of, 154. 

Seed, sprouting of, 159. . 
Seedless fruit, 151. 

Seeds, dormant, 160, 166. 

See«ls, their numbers, 156. 
Self-division of cells, 179. 
Senecio, 125, 257, 258. 

Senna, 244. 

Sensitive plant, 74. 

Sepals, 110. 

Septa, 134. 

Septenate, o9. 

Serrate, 65. 

Sessile flowers, 91. 
leaf, 62. 

Sheathing bract, 86. 

Shepherd’s purse, 225. 
Shield-fcm, 291. 

Silene, 233. 

Sileneoe, 229, 232. 

Silicula, 146, 228. 

Silicpia, 145, 223. 

Simple loaves, 63. 

Sinapis albs, 224. 

arvensis, 224. 
orientalis, 221. 
Skeleton leaves, 50. 

Sky-jelly, 181. 

Slip, 149. 

Snapdragon, 272. 

Snowdrop, 282. 


Snowflake, 87, 282. 

SolanacesB, 267. 

Solanete, 268. 

Solanum tuberosum, 268. 

Solitary flower, 92. 

Solomon’s seal, 23. 

Sori, 291. 

Sowing of seeds, 160. 

Spadix, 96. 

Spathe, 86, 96. 

Spawn of fungi, 174, 175. 

Species deflned, 185. 

Speedwell, 102, 116. 

Spike, 95. . 

Spikelet of wheat, 126. 

Spireca, 249. 

Spirecece, 246. 

Spiral cells, 6, 10. 
fibres, 8. 

leaf-arrangement, 56. 
ve.saels, 5, 7. 

Spiranthes autumnalis, 280. 
Spongioles, 14. 

Sporangia, 170, 201. 

Spore, 290. 

Spore-cases, 169, 292. 

Spore-case of moss, 172. 

Spores, moving, 179. 

hygrometric, 171. 

Spring flowers. 107. 

Si>uriou8 partitions in ovaries, 136. 
Spurred calyx, 110. 

Squill, 283. 

Squirting cucumber, 154. 

Stamens, 121. ' 

their position, 123. 
jUaminiferous, 138. 
maminate flowers, 104, 105^ 138. 
Standard, 114. 

Stapelia, 119. 

Starch-cells, 11. 

Star-jelly, 181. 

Stem, 23. 

exogenous, 27. 
functions of, 45. 
of oak, 27. 
uses of, 47. 

Stems, forms of, 41. 

Stellaria Holostea, 231. 

media, 229, 232. 

Stigma, 137. 

Stings, 64. 

StiUk 174, 292. 

^ of ferns, 40. 

Stipules, 63, 71. 

Stock, 149, 223, 224. 

Stomata, 53. 

Stonecrop, 112, 134. 

Stone-fruit, 142, 147. 

Stone-pine, 34, 277. 

Storksbill, 289 
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stramonium, 268. 

Strawbcn y, 142, 246, 247, 248. 
flower, 112. 
fruit, 146. 

Style of alchemilla, 137. 
Stylewort, oolumn of, 127. 
Stylopod, 260. 

Sub-classes, 189. 

Sub-ordeia, 188. 

Succory, 257. 

Sugar-cane, 288. 
Sulphur-showors, 129. 
Sunflower, 108, 261. 

floret. 111. 
ftniit, 146. 

Superior calyx. 111. 

Suspensor of embri’o, 140. 
Sweet-brier, 248. 

Swcct-i>oa, 125, 242. 
Sweet-violet, 228. 

Symbols used for flowers, 138. 
Symmetry interfered with, 106. 
Symmetry of flower, 100. 
Symphytum tuberosum, 267. 
Synanthcrous^ 124. 

Syncarpous pistil, 134. 
Syngenesia, 258. 

Syngencsious, 124. 

Talipot Palm, 38. 

Tap-root, 14. 

Teeth of mosses, 171. 
Temperature of soil, 105. 
Tendril of melon, 70. 

Tenns exjdained, 297. 

Temate, 09. • 

.Tetrad J'liamous stamens, 124. 
Thalainiflone, 205, 215. 
Tliallogonai, 212, 293. 

TheciB, 173, 191. 

Thistle, 96, 259. 

Thlaspi, 226. 

Thoms, 43. 

Thyme, 271. 

Tobacco, 269. 

Tomato, 268. 

Tragacanth, 244. 

Trapa natans, 69. 
Transpiration, 76. 

Tree-reras, 39. 

Trefoils, 244. 

Trilocular ovary, 134. 
Tripinnate, 68. 

Tritemate, 69. 

Tuberose, 288. 

Tulip, 283. 

Turnip, 223. 

Tussac-grass, 288. 

Twining dtems, 26, 82. 


Umbrl, 94, 9r>. 

(Jmbellifcrm, 249. 

Unifloral axi.s, 92. 

Unilateral, 97. • 

Unsymmetrieal flowers, in:i. 
Urtica, 104. 

dioica, 270. 
urens, 275, 270. 
Urticaccffi, 274. 

VAtXJINIArKAl, 200. 
Vallisiieria, 9, 10, liS). 
Vanille, 280. 

Varieties, 186. 

Vaseular plants, 4. 
Vaufiheria, 179. 

Veil of fungi, 174. 

Venation of leaf, 51. 

Venus’ fly-trap, 74. 

Verl>ena, 93, 95. 

Vernation, JiO. 

Vemonia, 258. 

Veronica, 272. 

Versatile, 126, 287. 
Vcrticillaster, 271. 
Vorticillate leaves, 55. 
Vesicles, 4. 

Vessels, 4. 

Yetidics, 244. 

Vexillnm, 114. 

Viola tricolor, 220. 

Violacew, 226. 

Violet family, 220. 

fmit, 146. 

Vittse, 250. 

Vulva or wrapper, 174, 175. 

Wallflower, 223, 224. 

family, 220. 
fruit, 145. 
pistil of, 136. 

Walnut, 96. 

Water-chestnut, 60. 
Wellingtonia, 33. 

Weymouth pine, 277. 

Wheat, 142, 289. 
Wheel-shaped corolla, 125. 
White fleacl -nettle, 271. 
Whorled leaves, 55. 
Wig-tree, 91, 03. 

Willow, 276. 

flower of, 128. 
Winged sce<ls, 154. 

Wood of trees, 28. 

Woody cells, 6. 

Woody tubes, 6. ^ 

Yellow flowers, 115. 


THB END. 







